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A STUDY OF THE USE OF CONTROLS AND THE EISUITING AIRELANE 
RESPONSE DURING SERVICE TRAINING OPERATIONS 
OF FOUR JET FIGHTER AIRPLANEB 
By Jolm P. Mayer, Harold A. Hamer, and Carl R. Huss 

SUMMARY 


Resxilts from a limited flight program to obtain information on the 
airplane response and actual rates and amounts of control motion used 
by service pilots in performance of squadron operational training mis- 
sions with four jet fighter airplanes axe presented. The results are 
presented in the form of envelopes of maylTmiTn measured values and in 
terms of frequencies and probabilities of occiarrence, and flight times 
before a given value is exceeded. 

Whenever feasible the results have been compared with present design 
requirements, methods of computation, and other test res\alts. Ccmpari- 
sons Indicate that the maximum tail loads encountered in these tests were 
less than those specified by the present requireEaents . When compared on 
a probability basis, the results axe roughly the same for each of the 
test airplanes and are also about the same as thmse of other operational 
training tests. When compared on a time -to -exceed basis, it is shown 
that the data of these tests and of the other tests represent the same 
manner of utilization and that the data of the present tests axe repre- 
sentative of many more hours of flight time than were actually recorded. 


INTRODUCTION 


In the present methods for determining airplane design loads, the 
maximum loads are calculated by specifying what axe believed to be the 
critical motions of the controls or by specifying the critical airplane 
response. For the most part these critical motions are based on the 
maximum amounts and rates of control physically possible. In operational 
flight, however, the actual maximum control motions and airplane response 
may differ appreciably from the specified variations . 
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In order to obtain sotne information on the airplane response and the 
actual amounts and rates of control used by service pilots in the per- 
formance of operational training missions, the KACA with the cooperation 
of the U. S. Air Force and the Bureau of Aeronautics, Navy Department, 
has been conducting a flight program with several jet-propelled fighter 
airplanes. Information of tMs type is needed in order to determine more 
realistic design-load criteria and to provide infonnation for use in 
designing airplane control -boost systems. In addition, this information 
is needed to determine the lir 5 )ortant quantities and ranges of measurement 
to be vised in the design of Instruments for statistical loads measurements. 

This paper is a summary of the information obtained with all the 
test airplanes of references 1 to 6 in addition to other data analyzed 
since the issuance of those papers. The data are presented, for the 
most part, as envelopes of maximum values of the measured qviantities 
and, where feasible, the data are compared with present design require- 
ments or methods. A limited statistical analysis is also presented for 
some of the measured quantities . The paper is organized in a manner 
such that data pertaining to specific quantities, which are listed in 
the "Contents," may be used without reference to the entire paper. 


SYMBOLS 



wing span, ft 

wing mean aerodynamic chord, ft 
wing lift-curve slope, per radian 

horizontal -tail lift-curve slope, per radian 


(dCin/dCL)^ 

Cmo 


rate of change of pitching -moment coefficient with lift 
coefficient for con 5 >lete aj-rplane 

zero-lift wing-fuselage pitching-moment coefficient 
wing-fuselage pitching -moment coefficient 


Cjf^ wing -fuselage normal -force coefficient 


distance from airplane center of gravity to aerodynamic 
center of wing-fuselage combination, ft 


d 
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g 

% 

K 

Ki,K2,K3 


acceleration due to gravity, 52.2 ft/sec^ 
pressure altitude, ft 

moment of inertia about lateral axis, slug-ft2 

empirical constant denoting ratio of dantpl.ng moment of 
ccoiplete airplane to damping moment produced by tail 

dimensional constants appearing in longitudinal equation 
of motion 


M 

m 

“-L 

n^ 

ny 

“Vl 

“Vm 

°-Vu 

*lc 


pitching radius of gyration. 



ft 


horizontal-ted.1 load, lb 


Mach number 

airplane mass, w/g, slugs 
longitudinal load factor 

transverse or lateral load factor 
normal load. factor 

maxlminn allowable positive normal load factor as defined 
by service V-n diagram 

limit design positive normal load factor 

TTin.ylnTmn positive normal load factor as defined by 
design V-n diagram 

service limit positive normal load factor 


actual ultimate normal load factor 


dynamic pressure, Ib/sq ft 

impact pressure, Ib/sq ft 



k 
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It 

S 

St 

^90 

V 

Vi 

^•^nax 

W 

xt 

a 

a 

a 


doty'd-Sg 


P 

A 

Sa 

®A 

&E 



dynamic pressure in vicinity of tail, It/sq ft 

total wing area, sq. ft 

total horizontal -tall area, sq ft 

time to roll 90 °^ sec 

true airspeed, ft/sec 
indicated airspeed, knots 

TnayiTimm allowable indicated airspeed as defined by 
V-n diagram, knots 

airplane gross weight, lb 

distance from airplane center of gravity to aerodynamic 
center of horizontal tail, ft 

airplane angle of attack, deg 

time rate of change of angle of attack, radlans/sec 

second derivative of a with respect to time, 
radlans/sec^ 

rate of change of horizontal -tall angle of attack 
with elevator deflection 

airplane angle of sideslip, deg 

Increment 

aileron deflection (one aileron), deg 

maximum available aileron deflection (one aileron), deg 

aileron deflection rate (one aileron), radians/sec 
elevator deflection, deg 

maximum available elevator deflection, deg 



elevator deflection rate, radian^sec 

maximum calculated elevator deflection rate, radians/sec 
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C< 


5 


5r 

0 

®max 

e 

®max 

P 

0 

t 

y 


a 

a 

f 

N 

P 


rudder deflection, deg 

maximum available rudder deflection, deg 
rudder deflection rate, radians/sec 
borizontal-tall efficiency factor, qt/^l 

pitching angular velocity, radians/sec 

maxinrum calculated pitching angular velocity, 
radlans/sec 

pitching angular acceleration, radlans/sec^ 

maximum calculated pitching angular acceleration, 
radians / sec^ 

time to reach positive peals, normal load factor, sec 
mass density of air, slxogs/cu ft 
rolling angular velocity, radians/sec 
rolling angular acceleration, radians/sec^ 
yawing angular velocity, radians/sec 
yawing angular acceleration, radlans/sec^ 

Statistical Symbols 

symbol represents measured qiaantity (i.e», 5^, 0, 

ny, etc.) 

bar over symbol represents average value of frequency 
distribution 

frequency of occurrence or number of cycles of normal 
load factor 

total number of observations for a particular quantity 
number of normal -load-factor peaks per hour of flying time 
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P 

T 

t 

“5 


“4 


a 


probability 

total recorded flight time, hr 

average fli^t time req^uired to equal or exceed a 
given value, hr 

coefficient of skewness of freqxxency distribution, 
1 z(a - a)^ 
a5 N 

coefficient of kinrtosis of frequency distribution, 

1 E(a - 
^4 N 

standard deviation of frequency distribution. 



TEST AIRPLANES 


The airplanes used in this program were standard service aiiplanes. 
They were the North American F-86 a, McDonnell F2H-2, Republic P-84G, 
and the Lockheed F-9^B aiiplanes. 

The F-86A-5-NA is a single-place, swept low-wing, single-engine 
jet-prcpelled fighter. The airplane has automatic full-span leading- 
edge slats and partial -span slotted flaps and incorporates speed brakes 
located on both sides of the rear fuselage section. The longitudinal 
control system Includes an adjiistable stabilizer (used for control at 
high Mach numbers as well as for control -force trim) and a hydraulically 
boosted elevator. A rate restrictor is incorporated in the elevator 
control system which restricts the elevator rate to about 45 degrees per 
second. The aileron control forces are augmented by a hydraulic booster 
mechanism. It was necessary to ijise two F-86 A's ditring this program 
because one was damaged during landing. 

The F2H-2 is a single-place, straight low-wing, two-engine jet- 
propelled fighter. A hydraulic boost is incorporated in the aileron, 
control system. Speed brakes are located in the upper and lower wing 
surfaces Inboard of the aileron and just ahead of the partial-span 
flaps . 
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The F-S^tG-l-BE is a single-place, straiglxb low-wing, single-engine 
Jet-propelled filter -bcmber airplane. The airplane is equipped with a 
hydraulic aileron boost with a manually adjustable boost ratio. A speed 
brake is installed in the bottom, of the fuselage. 

The F-9^B-1-L0 is a two-place, straight low-wing, single -engine 
(equipped with afterburner) Jet-propelled interceptor. The aileron con- 
trol forces are augnented by a hydraulic booster mechanism. Hydrauli- 
cally operated speed brakes are Incorporated in the bottom of the 
fuselage. 

Neither the external appearance nor the wel^t and balance of the 
airplanes was altered by the addition of the NACA instnamentation. 

Three -view drawings of all the airplanes are presented in figure 1. 
Physical characteristics and dimensions of the airplanes are given in 
table I. The moments of inertia given in table I are estimated from 
the latest information available . 


H^TRUMESilTATION 


Standard NACA photographically recording Instruments were used to 
measure (l) the quantities defining the flight conditions - that is, 
airspeed, altitude, speed-brake position, and, in the F-86A, slat posi- 
tion, ( 2 ) the imposed control motions, and ( 5 ) the response of the air- 
plane in terms of load factors, angular velocities, angle of sideslip, 
and, in the case of the F-8kCx and F-94 b, angular accelerations and an^e 
of attack. The recorders were synchronized at 1-second intervals by 
means of a common timing circuit. 

In order to relieve the pilot of any recording-instrument switching 
procedtire and th\is assist in obtaining normal operation, a pressure 
switch was employed to operate the recording Instruments at airspeeds 
above the Indicated stalling airspeed. In the F-84G and F-9^B a nose- 
wheel-door microswitch, which was actuated when the door closed, was 
used in parallel with the pressure switch to insiire continuous operation 
of the recorders at airspeeds below the Indicated stalling airspeed. 

A standard two-cell pressure recorder connected to the airplane 
service system was \ised to measure the pressure altitude and indicated 
airspeed. The service systems were of the us^lal total-pressxire-tube 
and flush static -pressure -orifice type. The location of the total- 
pressure tubes and static-pressure orifices for the four airplanes 
tested are indicated in figure 1. 

A microswitch, incorporated into the cockpit speed-brake control 
handle in the F-84-G and the first F-86 a and attached in the iimnediate 
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proximity of the speed hraJce in the F2H-2, and the second F- 86 a, 

was iised to indicate whether the speed brake was in the open or closed 
position. The open or closed position of the slat on the F- 86 A was 
also indicated by a microswitch. 

The control-sirrface deflections were measured with respect to the 
chord line of the ccanponent to which the control surface was attached 
by a control -position recorder having remote recording electrical trans- 
mitters Installed near the surface. The elevator, mdder, and stabili- 
zer (for the F- 86 A) transmitters were installed inside the fairings in 
order to take measurements at the inner hinge. The aileron transmitter 
was located at approximately the right-aileron midspan, with the excep- 
tion of the F- 8 it-G. In this airplane the transmitter was located at the 
link arm connecting the right-aileron push-pull rod. 

Normal load factors were measured by an NACA air -damped, s ingle - 
component, recording accelerometer in the F-84 g and F-9^B and by an NACA 
air-damped, three -component accelerometer in the F- 86 A and F2H-2. 
Transverse and longitudinal load factors were measured by an NACA air- 
damped, three -component accelerometer in all the airplanes . The loca- 
tions of the accelerometers are given in references i to 5 - I't should 
be noted that the accelerometers were not located on the average "in 
flight" center of gravity. Angular velocities and angular accelera- 
tions were recorded by angular-velocity and angular-acceleration 
recorders. Load factors, ymgul ar velocities, and angular acceleratloxis 
were recorded about three mutually perpendicular axes In which the longi- 
tudinal reference axis is the one commonly used for leveling the air- 
plane. (See fig. 1.) 

Sideslip angles were measxired by a flow-direction recorder in com- 
bination with a vane mounted on a boom extending in front of the left 
wing on the F- 86 a and in front of the nose of the F2H-2, F-84G, and P-9^B. 
(See fig. 1.) An angle -of -attack vane was also momted on the boom for 
the F-84G and F-9^B airplanes . The angle of attack is defined as the 
angle between the longitudinal axis and the projection of the relative 
wind in the vertical plane of the airplane. The angle of sideslip is 
defined herein as the angle between, the longitudinal axis and the pro- 
jection of the relative wind in the horizontal plane of the airplane. 

All recording Instruments were damped to about O .65 of critical 
damping. G?he natural freqiiencies of the elements in all the Instruments 
were selected to give the best compromise value which would minimize the 
magnitude of extraneous airplane vibrations and still give correct 
response to the maneuver. 
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The TTifl-yiTmmi errors for -the measured quajitities for all ■the air- 
planes are as follows: 


Control -surface angle, deg ±0.7 

Nonnal load factor ± 0.1 

Longitudinal nnfl transverse load factors . ±0.05 

Pl-fachlng angular velocity, radians/sec ± 0.03 

Pitching angular acceleration, radiaos/sec^ ±0.1 

Rolling angular velocity, radlans/sec ±0.15 

Rolling angular acceleration, radians/sec^ ±0.5 

Yawing angular -velocity, radlans/sec ±0.02 

Yawing angular acceleration, radians/sec^ ±0.06 

Angles of attack and sideslip, deg ....... ± 0.7 


Ccmple-te lnfo 2 miatlon on accuracies, instiruments used, and natural 
frequencies of the instmoiiientB for the indl-vldual airplanes is given in 
references 1 to 5* 




All the flights obtained during -this program were perfom^d in 
conjunction -with the regular squadron operational training. Data were 
recorded only during those flights in which the primary mission was 
acrobatics, ground gunnery, aerial gunnery, or dive-bombing. The maneu- 
vers performed during these -bests include most of -fche tactical maneu-vers 
that were within the capabilities of the indl-vidual airplanes. These 
maneuvers -were perf03ooed from ground le-vel -to altl-budes of approximately 
55^000 feet and at airspeeds -vaiying from -the s-talling airspeed to -the 
Tnaxi-muTTi ser-vice limit airspeed. Although not requested, most of the 
maneuvers were performed in smooth air; however, in some cases gusts 
were encountered. Other than to request -that the airplanes be used in 
as many types of missions as -were normally carried out by -the squadron, 
no attempt -was made to specify the type or severity of maneu-vers. 

Approximately 60 hours of flight time were recorded during these 
tests and approxi^-tely I 8 hours of this recorded time ha-ve been pre- 
sented as maneuvering time in time -history form in references 1 -to 5 . 

This ratio of recorded time -to maneuver time of 3 *33 is not representa- 
ti-ve of normal operation because the pilots were reques-ted to perform 
as many maneuvers as practical during each f 1 1 ght in order to minimize 
the time reqioired to ccmple-te the program. 

The R- 86 A.dnd, -with the- exception of one fli^t, the were flown 

without external fuel -banks, whereas -the F 2 H -2 and, with the exception 
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of 2 flights, the P-84 g were flown with external fuel tanks. In the 
case of the F2H-2, however, all maneuvers were perfonned with the 
external tanks empty, 

A total of 42 service pilots participated in these tests; 8 in 
both the F-86 a and F-94-B, 12 in the F2H-2, and l4 in the F-84 g. No 
pilot accounted for more than 20 percent of the maneuver time obtained 
d^n•lng the particular program in which he participated. During these 
tests, anti -gravity suits were worn by most of the pilots. Althoiigh 
the pilots were aware of the instrumentation, it was stressed that this 
was not to restrict their normal handling of the airplane since they 
would not be personally identified with the test resialts . 


METHODS OF ANALYSIS 


In this paper the measured quantities are presented, as Indicated 
in the "Contents , " in an order beginning with the pilot -in 5 >osed control 
motions and following with Idle airplane response to these control 
motions. The results are given, for the most part, in three forms: 

(l) basic data and envelopes for each test airplane, (2) ccmblnatlon of 
the envelopes for all the test airplanes, and (5) statistical curves. 

Basic data and envelopes for each test airplane .- The basic results 
are presented as plots of the Tna-x-tTmim measm*ed quantities and shew how 
the envelopes were determined for each airplane . Only those maximum 
values w h ic h helped establish the envelopes are shown. In a few of the 
figures it may be noted that some of the high test points Eire not used 
to establish the envelope. In these cases it was believed that the 
inclusion of the isolated points within the envelope might misrepresent 
the mass of the data. The TtiaxlnrnTn values obtained as a result of stalled 
maneuvers are indicated only at the lower airspeeds since in most cases 
the boundaries at the higher speeds were not materially affected by 
stalls . The maximum Values obtained in tahe-off s and landings were 
taken only when the airplane was con^jletely airborne. No corrections 
have been maxie to the Indicated airspeeds for position error. 

Combination of the envelopes for all the test airplanes .- In a few 
cases, the envelopes for each of the test airplanes are conipared; how- 
ever, for the most part, the data for 7. the test airplanes have been 
combined and an overall envelope has been obtained to represent the 
boundary for all the airplanes. The overall envelope consists of a 
mmiber of superimposed envelopes representing certain types of fli^t , 
conditions which are defined as operationaQ. maneuvers , stalls , and 
lateral oscillations. In a few of these figures the high values obtained 
during snap rolls at the higher airspeeds with the F-84G- airplane, which 
are indicated in the basic-data figures, are not Included within the enve- 
lope of operational maneuvers since in this type of maneuver the airplane 
is partially stalled. The envelopes labelfed "stalls" include values 
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obtained during stalls, spins, take-offs, and landings. The isolated 
points, which were not used to establish the envelopes in the basic-data 
figures, are shown in the overall envelope plots, ^ere possible, com- 
parisons are with design requirements or ccaiputing methods. 

Statistical n.rm.1 ysis . - In analyzing -bhe data of this paper, stand- 
ard statistical procedures such as described in references 7 snd 8 were 
used. The frequency distributions for the pertinent quantities are pre- 
sented in tables II to VII. Also given in the tables are the total 
number of measiorements counted K, the total flight time in hours repre- 
sented by the data T, the average value of the given quantity a, the 
standard deviation tr, the coefficient of skewness a^, and the coeffi- 
cient of kurtosis c%. 

Frequency distributions were used to represent the data in the form 
of a percentage of the total number of occurrences of a given quantity 
occurring in a given interval. The probability or relative cumulative 
frequency distributions are the sumnation of idae frequency distributions 
and are given as the percentage of the total number of occurrences which 
equal or exceed a given value of the measured quantity. The experimental 
distributions were fitted wi-th a- Pearson type III probability curve and 
in this paper the term, "probability curve" will refer to a Pearson type HI 
curve. 


EESULTS AND DISCUSSION 
Control Deflections 

Elevator . - The maximum, elevator control angles for each airplane' 
plotted against indicated airspeed are given in figure 2 and the ratios 
of the maximum angles used to the maxlimirn available angles are shown in 
figure 3* The largest elevator angles iised were obtained. in stalls, 
take-offs, and landings. The Tnayirmim up elevator control limits were 
approached in stalls for the F-86a and F-84 g airplanes. The Tnn-srlnnm 
down elevator lased did not vary appreciably with airspeed at airspeeds 
above the stall except for the F-86A airplane. For the F-86A the maxi- 
mum down elevator angle was reached at an airspeed of 4CX) knots. Since 
the F-86a has a movable stabilizer, the elevator angles shown are asso- 
ciated with various stabilizer settings. The large down elevator angles 
at relatively hl^ speeds for the F-86a are associated with the particu- 
lar stabilizer settings used for trim at those speeds. 

Aileron .- The maximum aileron control angles (ri^t aileron only) 
for each airplane plotted against indicated airspeed are given in fig- 
ure 4.' The ratios of TTm.ytTnuTn aileron angles lased to the Tna-yiTniTm avail- 
able aileron angles are shown in figure 5 . For the F-84 g airplane 
almost full aileron was \ised in stalls and rolls at low speeds. Except 
for the F-84 g airplane the aileron angles \ised did not approach the 
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control limits . The point shovm above the boundary for the F-84 g air- 
plane was obtained In a maneuver during a flight In which the fiiel 
failed to drain from ^ne of the wing-tip tanks . The point shown above 
the boundary for iiie F-9^B airplane was obtained during a very abrupt 
turn. 


Rudder . - The maximum rudder control angles for each airplane plotted 
against Indicated airspeed are given in figure 6 and the ratios of the 
maximu.m rudder angles used to the maximum available rudder angles are 
shown in figure J . The highest rudder angles were obtained, for the 
most part, in stalls, take-offs, and landings. The control limits were 
reached with the F-84 g aliplane and approached with the F-86 a airplane 
in low-speed stalls. Throughout these tests rudder control was rarely 
\ised with any of the airplanes while maneuvering. 


Control Rates 

Elevator . - The maximum elevator ccmtrol rates for each airplane 
plotted against indicated airspeed are given in figure 8 and the enve- 
lope of the maxinrum rates for all the airplanes is shown in figure 9* 

The maximum elevator rates used decreased with airspeed and the highest 
rates were obtained in stalls and landings. The rates for all the air- 
planes were about the same except for the F2H-2 airplane. The elevator 
rates used with the F2H-2 airplane were considerably lower than for the 
other airplanes as was also the case for the elevator angles. This was 
partly a result of the rearward center-of=gravity position and partly a 
result of the large value of elevator effectiveness for this airplane . 
The negative rates were about equal to the positive rates for all the 
airplanes. The highest rates were obtained with the F-9^B aiiplane in 
landings where elevator rates as high as 2.2 radians per second were 
measured. At the low speeds these rates were generally associated with 
short -duration impulses of large deflection which did not affect the 
airplane motion appreciably. The 3dmits of control rate for the F-86 a 
as lnposed by the rate restrictor were reached at the lowest airspeeds. 

It may be noted again that only the F-86A airplane was equipped with 
elevator boost. The point shown above -the boundary for the F-84G air- 
plane was measured in a very abrupt pToll-up. The point shown above the 
bOTmdary for the F-9^ airplane was measured in the very abrupt turn 
previously mentioned in the aileron-angle discussion. 

The probability values and the fitted ciorves for elevator rates 
greater than 0.2 radian per second for the F-86 a, F-84g, and F-9^B air- 
planes and greater than 0.1 radian per second for the F2H-2 airplane are 
shown in figure 10 for combined positive and negative elevator rates. 

The frequency distribution for elevator rates and the statistical param- 
eters on which the probabilities are based are given in table H. It 
was found that the probabilities for positive and negative elevator rates 
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are about equal. (See table II.) In figure 10 it may be seen that the 
probabilities for the combined positive and negative elevator rates for 
the F-94 b are greater than those for the other airplanes. Since it was 
found that most of the high elevator rates for the F-94B airplane were 
obtained in landings, an analysis was made for speeds less than I 50 knots, 
speeds greater than 150 knots, and for all speeds. The probability ctirves 
for these speed ranges are shown in flgijre 11; it may be seen that the 
probabilities for a given elevator rate for speeds above I 50 knots were 
considerably less than those for speeds below I 50 knots. For the other 
airplanes it was fo^md that the speed range did not affect the probabil- 
ity curves appreciably. A ccmparison of probabilities for all the test 
airplanes is shown in figure 12 for all speeds except for the F- 9 ^ 
where the data are given for speeds less than I 50 knots and greater than 
150 knots. In addition, since the data for the F2H-2 airplane were cal- 
culated frcm a lower initial level, these data were adjusted to the 
level of the other test airplanes for ccanparison. In figure 12 it can 
be seen that, except for the F- 9 ^B at low speeds, the probability of 
exceeding a given elevator rate is about the same for all the airplanes. 

Aileron . - The TnaxlTnum aileron control rates for each etirplane plotted 
against Indicated airspeed are given in figure 15 and the envelope of the 
maximum rates for all the airplanes is shown in figure l4. The maximum 
aileron rate used in these -tests was about 1.46 radians per second with 
the F2H-2 airplane. The variation of the maxiimim aileron rate wi-th indi- 
cated airspeed was not consistent nmni ng the airplanes and, except for the 
F-84 g, the maxj.TTTum rates -were reached at speeds greater than 200 knots 
for all airplanes. For -the F-84G the highest rates were reached in low- 
speed stalls. The highest rate for the F-9^B airplane occurred near the 
TTipylTm-rm airspeed. This point, which is associated with the high aileron 
angle shown at 440 knots in figure 4, and the other point shown abo-ve the 
boundary for this airplane were obteined dioring -very abrupt turns. 

The probability •ya.1 ues and -the fitted curves for aileron rates 
greater than 0.2 radian per second for each airplane at all speeds are 
shown in figure I 5 . The frequency distribution for aileron rates and 
the statistical parameters on which the probabilities are based are 
given in -table HI. It may be seen that the probability curves for 
aileron rates are about the same for all the airplanes with the excep- 
tion of the F2H-2, where the probabilities are considerably higher. 

Rudder . - The maximum rudder control rates for each airplane plotted 
against Indicated airspeed are given in figure 16 and the envelope of the 
maxjTTiimi rudder rates for n-l l the airpl^es is shown in figure I 7 . The 
highest rate meas-ured -was 2.8 radians per second -with -the F-94 b airplane 
in -take-offs and landings. The -two relatl-vely high rates shown abo-ve 
the boundary for -the F2H-2 airplane at 58 O and 550 knots were meas-ured 
dToring a small -amplitude rudder oscillation and during an abrupt toim, 
respectively. 
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The prohabillty values and the fitted ciurves for rudder rates 
greater than 0.1 radian per second for all speeds, speeds greater than 
150 knots, and speeds less than I 50 knots for each of the test airplanes 
are shewn In figure I 8 . The frequency distribution for rudder rates and 
the statistical parameters on which the probabilities are based are given 
in table IV. It may be noted that the probabilities of exceeding a given 
mdder rate are higher in the low-speed range. It can be seen that in 
courparlng the four test alipilanes for the entire speed range there la a 
wide scatter in the probabilities; however, when congiarlng the probabil- 
ities for speeds greater than I 50 knots the scatter is somewhat reduced. 


Airplane Angular Velocities 

Pitch .- The maxlTnum pitching velocities for each airplane plotted 
against indicated airspeed are given in figure I 9 and the envelope of 
the maximum pitching velocities for ail the airplanes is shown in fig- 
ure 20. The highest pitching velocity measured during operational 
maneuvers in these tests was about O .5 radian per second. One value 
of 0.8 radian per second was measured with the F-84G airplane in a low- 
speed stall. The positive pitching velocities reached a peak at about 
500 knots for operational maneuvers. The highest negative pitching 
velocities were reached in low-speed stalls . Also shown in figure 20 
the positive pitching velocities obtained by the method of 

reference 9 . In reference 9 the maximimi positive pitching velocity is 
given as 


^max 


= 1.95 


“V, 




- 1 


w/s 


0 . 1 I 8 


(“% - 


( 1 ) 


In figiare 20 the calculated ma.-yd'miTTn positive pitching velocities were 
computed by using a time to reach positive peak: normal load factor 
of 0.93 second, which was found to have been the approximate min.i.Tnum 
value for these tests. The calciilated values are seen to be in fair 
agreement with the fli^t data. 

Roll .- G?he maximum rolling velocities for each airplane plotted 
against indicated airspeed are given in figure 21 and the envelope of 
the maximum rolling velocities for all the airplanes is given in flg- 
aire 22. The rolling velocities reacted a peak at a speed of about 
250 knots for operational maneuvers. The highest rolling velocity 
measured waa about 3*5 radians per second with the F-84G airplane. 
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Helix angle ^13/27; The maximum values of the wing-tip helix 
angle (fib [ 2^1 for each airplane plotted against indicated airspeed are 
given in figures 25 and 24. The maxitmim valioe of jJb/2V obtained was 

about 0.l4 with tbe F-84G airplane in a stall. The value of ^b/2V 
obtained with the other alip>lanes was about 0.08 at speeds up to 
500 knots. Above this speed the values of 0b/2V decreased with air- 
speed. Included in figirre 24 is the present U. S. Air Force mlnimum- 
hellx-angle requirement (ref. 10) applied to the F- 86 A airplane. Since 
the airplanes of this Investigation were designed prior to the require- 
ment of reference 10 , the applicable helix-angle requirement (ref. 11 ) 
as determined for the F- 86 A airplane is also given in figure 24. It 
can be seen in this figure that the Air Force rolling requirement given 
in reference 11 , for which these airplanes were designed, is reached 
for most of the airplanes above a speed of 500 knots. The present 
requirement (ref. 10 ) is not reached at the higher speeds. 

Since Mach number is perhaps a more significant parameter, the 

envelopes of (jib j 20^ are shown in figures 25 and 26 plotted against Mach 
number. It is shown in figure 25 that high valiies of ^b/2V are 
obtained at the higher Mach mmibers, whereas in figure 25 it is seen 
that few large values of 0b/2V are obtained at the higher airspeeds. 

It may be seen in figure 26 that relatively hi^ values of pb/2V are 
maintained to higher Mach n-umbers with the F- 86 a airplane than with the 
straight-wing airplanes. 

Time to roll 90° s Recently it has been suggested that a more real- 
istic rolling requirement than that presently used would be to specify 
that the airplane roll 90° in 1 second (ref. 12). The values of the 
Tnl.nlmum time to roll 90° from a steady-state condition for each airplane 
plotted against Indicated airspeed are given in figure 27 and the enve- 
lope of the mlnlTTium time to roll 90 ° for all the airplanes is shown in 
figure 28. It can be seen that the minimum time used by the service 
pilots of these tests to roll 90 ° is about 1 second except at the lowest 
and highest airspeeds. The peak rolling velocities reached during 90° 
of roll for each airplane plotted against time to roll 90 ° are given in fig- 
ures 29 'and 50 . Included in figure 50 is the limit boundary showing the 
lowest possible rolling velocity jt /^50 '^° roll 90 ° in any given time . 

It may be seen that the maxiniuin rolling velocities used in rolling 90 ° 
are fairly close to the limit boundary. 

Rolling velocity and normal load factor; One of the critical maneu- 
vers for design of the vertical tail is the rolling pullout type of 
maneuver which consists of a rolling maneuver camblned with high normal 
load factor. The maximum rolling velocities for eanh airplane plotted 
against normal load factor are given in figure 5 I and the envelope for 
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all the airplanes is shown in figure 52. It may be seen that the maxi- 
mum. rolling velocity reached a pealt at a load factor of about 2 for 
operational maneuvers. 

Yaw .- The ■mH.ylnnTm yawing velocities for each airplane plotted 
against indicated airspeed are given In figure 35 and the envelope for 
an tlie airplanes is given in figure 3^. The iriflxiTgum yawing velocity 
measxrred in these tests was greater tban O .56 radian per second (the 
limit of the recorder) with the F-84G airplane. For the other airplanes, 
the TTiftielTmim yawing velocities obtained during operational maneuvers were 
about 0.3 radian per second. For the F- 86 A ai 2 rplane valiaes as high as 
0.53 radian per second were reached in low-speed stalls. For the F-84G 
airplane all values above O .35 radian per second at speeds greater than 
200 knots were obtained in snap rolls. At the highest airspeeds the 
maximum yawing velocities for all the aii^lanes were the result of 
lateral oscillations. 


Airp l ane Ansalax Accelerations 

Pitch . - The maximum pitching accelerations for each airplane plotted 
against indicated airspeed are given in figure 35 and tde envelope for 
all the airplanes is given in figirre 36 . The maximum pitching accelera- 
tion reached in these tests was -2.0 radians per second per second with 
the F-84G airplane. In general the maximum pitching acceleration for 
operational maneuvers increased with airspeed to about 500 knots, a point 
corresponding approximately to the upper left-hand corner of the V-n dia- 
gram, and then decreased with further increase in airspeed. The maxi.mTmi 
positive and negative pitching accelerations are about equal, althou^ 
there wan a tendency in these tests toward higher negative pitching 
accelerations . 

The probability values for combined positive and negative pitching 
acpelerations over 0.2 radian per second per second for each aiiplane are 
shown in figvire 37 • The frequency distributions for pitching accelera- 
tions and the statistical parameters on which the probabilities are based 
are given in table V. In analyzing the pitching accelerations statisti- 
cally, it was found that the probabilities of exceeding negative pitching 
accelerations were slightly higher than the probabilities of exceeding 
positive pitching accelerations . In figure 37 i’fc ™ay be seen that within 
the limits of the experimental data the probability of exceeding a given 
pitching acceleration is about the same for all the test airplanes. It 
is seen that in only about 2 out of 1,000 maneuvers ( 0.2 percent of all 
maneuvers), in which a pitching acceleration over 0.2 was reached, would 
the pitching acceleration exceed 2 radians per second per second. 

Comparison of calculated or design pitching accelerations with test 
results: A comparison of the maximum pitching accelerations reached in 

these tests for all the airplanes (canposlte of positive and negative 
envelopes given in fig. 36 ) with calculated or design values determined 
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by six different methods Is shown in figure 38 . The six design curves 
shown in figure 38 were caLctilated for the F-86 a airplane at sea level. 
The CTirves for the other airplanes vised in these tests are similar to 
those shown for the F-86 a. The curve depicting the Navy requirement 
(ref. 13) is obtained from, the specifications which state, among other 
things, that the airplane should be designed for maxiTnuin pitching accel- 
erations of -6, -5^ and 6 radians per second per second at the airspeeds 
corresponding to the upper left-hand comer, upper right-hand comer, 
and lower left- and right-hand comers of the V-n diagram, respectively. 

The curve Illustrating a method of reference lit is obtained from 
the empirical relation 


®max “ 


Vfl/2 



( 2 ) 


Another enplrlcal relation given in reference lit is 


H 40000 
omax = — — — 


(5) 


For the average weight of the test airplanes this relationship results 
in a value of maximum pitching acceleration of about 3 radians per sec- 
ond per second. 

The curve which is established by Civil Aeronautics Administration 
design specifications (ref. I 5 ) is obtained from the empirical relation. 


.. 

Qmax - — 





where V is true airspeed in miles per hour and equal to or greater 
than the value corresponding to the upper left-hand comer of the 
V-n diagram. 

The method of reference 16 for estimating rtinxi Tmim pitching accel- 
erations is based on the equation 
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where 2.5 is an empirically derived constant. It should he noted that 
the units for and Vi in this equation are degrees per second and 

miles per hour, respectively. The elevator rate iised in figure 58 
the method of reference 16 is 5*5 radians per second (200 deg/sec) which 
is approximately the maxi mi im elevator rate attainable. 

The curve labeled Method A was obtained from the method given in an 
unpublished paper by Howard W. Smith of Boeing Airplane Company which is 
based on the assumptions that (l) the maximum negative pitching accelera- 
tion occurs at the instant the load factor is a maximum and that (2) the 
elevator has been restored to the level-flight trim position at this same 
instant. Thus, the fundamental eqmtlon of motion of an airplane in sym- 
metrical pitching maneuvers 


tt + + K 2 Ax = K5 A6j] 


( 6 ) 


reduces to 


d + Kg ^ == ® 


( 7 ) 


since d and A6 are 0 . Furthermore 


a 


( 8 ) 


so that 


e = -K^ Ax 


( 9 ) 


where 


Aa = 


AOy W/S 


( 10 ) 
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and 
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Substituting equa,tions (10) and (ll) for Ax and into the equa- 

tion for TTia.yiTmTnn pitching acceleration yields 


0 . 
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The ciirve show±ng majclmum pitching accelerations obtained by the 
method of reference 9 Is given by the equation 


3max 


6.5 
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where V is true airspeed in feet per second.. The maximum elevator 
rate associated with the above nrinxlTmim pitching acceleration is given 
approximately by the equation 




5^-5 + 2 g6 + 0 145 


J? 


(14) 


In this method the shape of the load-factor variation with time and the 
minimum time required to reach the peak load factor are assumed, based 
on experimental data. For fighter -1^® airplanes, the minimum time to 
reach peak elevator deflection is given in reference 9 as 0.2 second, 
which corresponds approximately to a time to reach peak load factor of 
about 0.55 second. Thus, in figure 58 the calculations for the method 
of reference 9 are for a value of 0.55 second to reach imB.yiTmTm load 
factor, except where the elevator rates obtained by using this value 
would exceed 5.5 radians per second. In these cases the value of 7 \ 
was adjusted so as not to exceed an elevator rate of 5-5 radians per 
second. The values of the constants in equation (l4) are given only for 
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the maximum positive pitching acceleration. Because of the shape of the 
load-factor curve assumed In reference S, the maximum positive pitc h ing 
accelerations ■will he greater than the maximum negative pitching accel- 
erations 'y however^ this result Is some'what unrealistic since maximum 
negative pitching accelerations are probably at least equal to maximum 
positive pitching accelerations. 

It may be seen in figure 58 that the maximum pitching accelerations 
reached in these tests are less than one -half of the calculated or design 
■values. It should be emphasized that the design curves shown represent 
maxi.nrum ■valaies -that could be obtained. A pitching acceleration of 
5 radians per second per second is within the maxinnim capabilities of 
the pilot and the airplane for most of these airplanes; however, the 
test boundary represents what the service pilots used in the perform- 
ance of -their training missions in these tests. 

Another comparison between experimental and calculated maximum 
pitching accelerations is presented in figure 59* As in the case of 
figure 38 ^ "fche calciilations are for the I’-86 a airplane at sea le^vel. 

In this figure -the calculated values are determined by the methods of 
^references 16 and 9 ^‘or ele-vator motions which are more closely related 
to the ele'vator motions used in these tests. In the first case -the 
maximznn pitching acceleration is calc-ulated by the method of refer- 
ence 16 by using •the maximum elevator rates ob-balned in these -tests . lu 
the second case the Tnaximum pitching acceleration is calculated by the 
method of reference 9 using a value of 0.5 second for the Ttij.nl.nnmi 
time to reach peak ele-vator deflection, which corresponds to a minimum 
time of approximately 0.93 second required to reach peak load factor. 
Since the F-86A airplane is restric-ted to elevator rates of approxi- 
mately 43 degrees per second, the maximum pitching acceleration is also 
calculated for an ele-vator rate of degrees per second in fig;u:e 39 
for both methods. 

It may be seen in figure 39 that the ma-yl-nmnn pitching accelerations 
calcula-ted. by -the methods of references I 6 and 9 ^y using elevator 
motions similar to those obtained in these tests cciigoare fairly well 
■with the -test results. Both methods predict -the actual pitching accel- 
erations very well at speeds beyond the upper left-hand comer of the 
V-n diagram. At lower speeds it appears that the me-thod of reference 9 
is somewhat better. It can be seen that, when the elevator ra-te is 
restricted to degrees per second (O.786 radian per second), both 
curves are lowered altho-ugh they are still higher than the experimental 
data at low speeds. 

The maximum elevator rates associated -with the ma xi mi mn pitching 
accelerations gi-ven in figures 38 and 39 for methods of references 16 
and 9 are shown in figure 40. In this figure the two curves which 
reach maximum elevator rates of 3*5 radians per second correspond to 
the maximum pitching accelerations calculated by the -two methods shown 
in figure 38. The other elevator-rate cur-ves gi-ven in figure 40 
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correspond to the majcitnum pitching accelerations, also calculated by 
these two methods, shown In figure 59* The test boundary shown does 
not include the hipest values measured during stalls, take-offs, or 
landings. 

It may be seen in flgirre 40 that the actual elevator rates (ccm- 
poslte of positive and negative envelopes given in fig. 9) are consid- 
erably below the Tna-if^Tmim design rates throughout the speed range. For 
the case where the time to reach peak load factor was assumed to be 
0.95 second in the method of reference 9^ I’t niay be seen that the ele- 
vator rates are in fair agreement with the actual rates; however, the 
calculated rates are lower than actual rates at speeds greater than 
300 knots . 

Of the vaxious methods of calculating ma.ylTmBn pitching accelera- 
tions shown in figure 58 the methods of references I 3 , ik-j and I 5 are 
empirical ; the method of reference 16 is semiemplrical ; and the method 
of reference 9 that derived by Snlth (denoted as method A) are 
based on theoretical considerations . It appears that any of these 
methods could be fitted to the present test data with fair accuracy. 

The methods of references 9 a2i<3- I 6 , however, seem scsoewhat more real- 
istic. Although the method of Smith is based on theoretical considera- 
tlcms, the assumption that the elevator angle has reached zero at the 
time of maximum pitching acceleration appears to be conservative on the 
basis of the present tests since the actual elevator motions were not 
so ab3nipt as would be Indicated by this method. 

In the method of reference 16 , the nia.-irtTmTm elevator rates must be 
assumed, the stability parameters and must be 

known, and an empirical constant must be determined. In the method of 
reference 9 the time to reach Tna.-sHTmim load factor or peak elevator deflec 
tion must be assumed and the value of must be known. Both methods 

are easy to use if the proper parameters are known; however, the method 
of reference 9 is somewhat slrpler to lise in that only one parameter nnst 
be assumed, namely the time to reach maximum load factor. In the method 
of reference 16 , the variation of TnaxinriTni elevator rate with speed must 
be assumed. From the results of these tests it appears that it is not 
sufficient to assume a constant elevator rate throiighout the speed range. 
It is fortunate in the method of reference 9 that in assTiming a time to 
reach maximum load factor the maximum elevator rates vary approximately 
the same as the resiilts of these tests. 

From the results of these tests, therefore, it appears that the 
methods of references 9 snd 16 best fit the test data; however, it 
should be remembered that all the methods will resiilt in pitching accel- 
erations within the maximum capabilities of the pilot and airplane if 
the pilots control the airplane in the manner specified by the methods. 
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The results of these tests indicate, however, that the service pilots in 
perfoming their normal training missions did not approach these design 
limits of pitching acceleration. 

Pitching acceleration and normal load factor: A relationship between 

pitching acceleration and normal load factor is of interest in the deter- 
mination of horizontal -tail loads. If the normal load factor and pitching 
acceleration are known, the maneuverirg horizontal-tall load may be deter- 
mined. For subsonic speeds the maximum ijp maneuvering tail load will 
occur when maximum positive normal load factors are combined with maximum 
negative pitching accelerations. The maximum pitching accelerations 
plotted against normal load factors for each airplane are given in fig- 
ure ij-1 and the envelope for all the airplanes is given in figure k2. The 
point shown outside the boundary for the F-9^B airplane at a normal load 
factor of 7 'was caused by a grist. It can be seen in figures 4l and 42 
that, in general, the maximum negative pitching accelerations increase 
with normal load factor, whereas the Tnn.yt7mim positive pitching accelera- 
tions decrease with normal load factor. Since the tests were in the sub- 
sonic speed range, these data indicate combinations of load factor and 
pitching acceleration for which maximum tall loads eire obtained. The data 
indicate, however, that the maximum pitching accelerations are small at 
the highest normal load factor for each airplane. 

Roll . - The TnaximutTL rolling accelerations for each airplane plotted 
against indicated airspeed are given in figure 45 and the envelope for 
all the airplanes is given in figure 44. The maximum rolling accelera- 
tion obtained in these tests was 7-5 radians per second per second with 
the F-86 a airplane. The mp-x-t-mum rolling accelerations reached a peak at 
an airspeed of about 500 knots. A few relatively high rolling accelera- 
tions were measured with the F-94 b ai^ F-86 a aliplanes at high speeds, 
as shown by the points above the respective boundaries. The point for 
the F-86 a airplane was measured during a rolling pullout type of maneu- 
ver. Of the three points for the F-9fo airplane, the two points at 470 
and 440 knots were measured during very abrupt turns and are associated 
with the high aileron rates at these speeds shown in figure 15 . The 
other isolated point at 5^5 knots was caused by a gust. Althoiigh the 
highest rolling acceleration was obtained with the F-86 a airplane, the 
highest rolling velocities were obtained with the F-84G airplane. 

Yaw . - The maximvon yawing accelerations for each airplane plotted 
against Indicated airspeed are given in figure 45 and the envelope for 
all the airplanes is given in figure 46. The maximum yawing acceleration 
reached in these tests was I .05 reidians per second per second with the 
F-84G airplane. This point and the point at 505 knots which are shown 
above the boundary for the F-84 g airplane were obtained during snap rolls. 
For the most part, the high yawing accelerations at high speeds were 
obtained in inadvertent lateral oscillations for all airplanes; however, the 
acceleration shown above the boundary at 570 knots for the F-94B airplane 
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vas ca\ised by a gust and the acceleration slactvm above the boundary at 
l |-55 knots for the F- 86 a ali^ilane in figure ij -5 was obtained in the same 
rolling pullout maneuver previously mentioned under rolling accelera- 
tion. The point for the P- 86 a is shown below the lateral-oscillation 
boundary in figure 46 since it was obtained during an operational, maneu- 
ver. The lateral oscillations were especially prominent for the F-94-B 
and P-84 g airplanes . When the yawing accelerations due to the inadvert- 
ent lateral oscillations are not included, it can be seen in figure 46 
that the yawing accelerations decrease at speeds greater than about 
500 knots. 


Angle of Attack and Angle of Sideslip 

Angle of attack .- As a matter of general interest the Tnajrimum angles 
of attack for the F-84 g and F-94 b airplanes plotted against indicated 
airspeed are given in figure 47- The largest angles of attack measured 
in these tests were greater than 4o° and -24° for the F-84G airplane in 
spins . At these angles the limits of the recorder were exceeded. The 
maximum nose -up angles of attack nffiasured varied from about 27 ° at 
100 knots to about 1° at 5 OO knots. The Tnn.ylTniTm nose-down an gle s of 
attack varied frcaa about -4° at 100 knots to about -1° at 500 knots. 

The point outside the boundary for the F-84 g airplane was measured in 
an abrupt piish-down. 

Angle of sideslip .- The maxiTmim angles of sideslip and corresponding 
indicated airspeeds obtained in these tests for each airplane are given 
in figure 48 and the envelope for all the airplanes is given in figure 49 • 
The angle-of -sideslip measurements were insufficient to define an enve- 
lope for the F- 86 A aiip>lane. The highest sideslip angle measured was 
over 32 ° with the F-84G airplane in spins . At this_ angle the limits of 
the recorder were exceeded. The maxiTnum sideslip angles reached were 
about the same for the F-84 g and F-94 b airplanes at the higher airspeeds, 
whereas those reached with the F2H-2 were lower throughout the speed 
range in these tests . The Tnaxlimnn sideslip angles which define the 
operational -maneuver boundary in figure 49 were obtained in rolling pull- 
outs, aileron rolls , sideslips, and rudder kicks. No one type of maneu- 
ver was more critical than another although there are more points along 
the boundary obtained from rolling maneuvers. 


Airplane Load Factors 

Normal load factor .- The maximim positive and negative normal load 
factors and corresponding indicated airspeeds for each airplane are glveii 
in figure 50 . In this figure the operational V-n diagram for each air- 
plane is included with the corresponding load-factor data for comparison 
of the test results with the operational limits. In order to compare the 
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resiilts for all the test airplanes, the measured load factor divided "by 
the maximum allowable load factor ny^ as determined from the V-n dia- 
gram is shown in figure 5 I plotted against the measured airspeed divided 
by the maximum allowable airspeed. 


In comparing the maximum normal load factors reached with all the 
airplanes it may be seen that the positive service limit load factor was 
reached with all the airplanes over most of the speed range; however, 
the negative limit load factor wan not reached at any speed. The highest 
negative load factor reached was -1.1 for the P-84G airplane (see fig. 50 ) 
and occTorred at a valioe of V-j 0.45* (See fig. 51*) Qo® con- 


tributing factor to the lack of negative load factors may be in the limi- 
tations of jet -engine operation at negative accelerations. 


Ccn^)arisons of the maximum normal load factors obtained in these 
tests with maximum normal load factors obtained during other tests with 
P-86 a airplanes (ref. I 7 ) and unpublished V-G records from F2H-2 air- 
planes are shown in figures 52 and 53> respectively. The data of ref- 
erence 17 for the F-86A aiipilanes . represent about 1,150 hours of opera- 
tional training and the unpublished data for the P2H-2 airplanes represent 
3,821 hours of operational training. 

In the conparison of the data obtained in the present tests for the 
F-86 a airplane with those of reference I 7 (fig. 52 ) it may be seen that 
in both cases the pilots reach the positive service limit load factor 
over almost the entire speed range; however, the negative limit load 
factor was not reached in either case. In the data of reference I 7 the 
service limit load factor was exceeded 28 times, the design limit load 
factor 5 times, and the design ultimate load factor twice. For the air- 
plane of the present tests, the service limit load factor was reached 
but not exceeded by an appreciable amount. In the negative load-factor 
region, there are very few points in both sets of data. In the data of 
reference I 7 a load factor of -1.0 was reached once; whereas in the 
present test program with the F-^A the maximum negative load factor was 
about -O. 3 . It is Interesting to note in figure 52 that, below the 
seiTvlce limit, the two sets of data are very similar. 

In the conparison of the data obtained in the present tests for the 
F2H-2 airplane with that of 5,821 hours of unpublished V-G records obtained 
during training (fig. 55) It may be seen that the 5,821 hours of V-G data 
resulted in positive and negative load factors larger than those obtained 
from the present tests over the entire speed range. The positive design 
and se 2 rvlce limit load factor was reached once in the present tests; 
however, it was exceeded 3 I times in the V-G data. The design ultimate 
load factor was not exceeded in either test program. Most of the large 
negative load factois from the V-G data were obtained from gusts . 
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Applicability of Pearson type I and type IH cxirves to normal-load- 
factor data: The probabilities for normal load factor are shown for each 

airplane in figure 54 where Pearscai type III curves have been fitted to 
the data as counted by method B of the appendix. In analyzing the nonnal- 
load-factor data it was found that the data fell more closely into the 
Pearson type I class. Therefore Pearson type I curves were fitted to the 
normal -load-factor data for each airplane. An example of this is shown 
in figure 55 "tlis F-86 a airplane. For comparison, the type HI curve 
is also shown. In this figure it may be seen that the Pearson type I 
curve does fit these data sonewhat better than the Pearson type III curve 
for the F-86A airplane. (Similar fit was foimd for the other test air- 
planes . ) It may be seen, however, that the limits of the type I curve 
are at load factors of about 0.8 and 9-2i that is, the probability would 
reach 1 at a load factor of 0.8 and would reach 0 at a load factor of 9*2. 
This extrapolation would be unrealistic since it indicates that a load 
factor of 9*2 would never be exceeded with the F-86 a airplane. The maxi- 
mum load-factor limits computed for the other test airplanes using Pearson 
type I curves were 13 •! for the F2H-2, 10.2 for the F-84G, and 12.7 for 
the F-94B. In view of the unrealistic limits for' the F-86 a airplane and 
the similarity in fit for the Pearson type I and type HI curves, the 
Pearson type HI curves were considered adequate for this analysis. The 
frequency distributions of normal load factor and the statistical param- 
eters on which the probabilities and times to exceed are based for all, 
the test airplanes are given in table VI. 


Comparison of normal-load-factor statistical data for the test air- 
planes : In order to compare the probability of equaling or exceeding a 
given normal load factor for all of the test airplanes, the probabilities 
obtained by counting method B of the appendix are given in figure 58 
plotted against normal load factor and in figure 57 plotted against a 


ratio of measured load factor to service limit load factor 



In figure 58 it may be seen that the probability of equaling or exceeding 
a given load factor in these tests is greater for the F-94 b and F-84 g air- 
planes than for the F-86A and F2H-2 eirplanes. The greatest difference 
between the probabilities at a load factor of 6 is of the ratio of about 
10 to 1. It wiH be noted in figure 50 that the service limit load factors 
for the F-86 a and F2H-2 airplanes are lower than for the other test air- 
planes . In figure 57 ™ay be seen that when the data are ccmpared on 
the basis of the service limit load factor the results are fairly close 
thro-ughout the load-factor range. 


In order to compare the probability of a load factor being less than 
a given veilue for each airplane, the probabilities were ccnputed by using 
method A of the appendix and are shown in figure 58. It can be seen in 
this figure that the probabilities of load factors being less than zero 
are very low. For instance , for the F-84G airplane the probability that 
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a load factor less them 0 will "be reached Is about 0.005 or 1 maneuver 
in 200, and about 1 maneuver in 7^000 will result in load factors less 
than - 1 . It can be noted in figure 58 that the probabilities of a load 
factor being less than a given load factor are about the same for all 
the test airplanes. 

Comparison of normal -load-factor statistical data with other test 
results: In order to obtain an Indication of the applicability of the 

results obtained from these tests in which only a relatively few hours 
were flown with those of other tests where considerably more flight time 
was obtained, a cQtnparison of load-factor data is given in figures 59 
to 67. For these ccngiarlsons the positive -load -factor results for the 
test data are based on counting method B of the appendix. In the case 
of negative load factors, i values less than zero were read and classi- 

fied in a manner similar to that used for the other test data. 

In figure 59 a conrparison between the probability curve obtained for 
the F-86 a airplane of these tests and the probability curve and test 
points for 1,150 hotars of operational trsdnlng with F-86 a eilrplanes 
(ref. 17) is shown for positive load factors. In this figure the proba- 
bility curves are given for load factors greater than 2 . A cocrparlson 
of the flight tin^ required to equal or exceed a given load factor for 
these cases is shown in figure 60. Also included in this figvtre is the 
faired curve for groxmd- and aerial -gunnery missions only, as obtained 
from reference I7. 

Since there were very few negative load factors reached in both 
cases, a Pearson type probability curve was not con^juted for the negative - 
load-factor points. A ccurparison of the time required to exceed a given 
negative load factor is shown in figure 6l where the test points only are 
given. The test points represent the total recorded time divided by the 
nimiber of occiirrences greater than a given load factor. 

For the F 2 H -2 airplane unpublished V-G records of 5^821 hours of 
operational training were "used for a coorparison. In figure 62 a com- 
parison of the flight time required to exceed a given load factor is 
shown for the test aiiplane and the airplanes for which 5^821 hours of 
V-G data were available. Data are shown only for load factors greater 
than 5 for "the 5^821 hours of data since individual load-factor peaJcs 
at the lower lo^ factors are obscxired due to the nature of V-G records. 

A comparison of the time reqiolred to exceed a given negative load factor 
for the test airplane and the 3>821 hours of data is shown in figure 63. 

A comparison of the flight time required to equal or exceed a given 
value of positive load factor for the test F- 84 G airplane with that for 
F- 84 b and F- 84 E airplanes used in operational training is shown in fig- 
ure 6k-. The curves shown for the F- 84 b and F- 84 E airplanes were obtained 
from the only data presently available (ref. I8) and are faired cxirves. 
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The data for 11116 F-84 b represent 2!J0 hour's of fllghl: time and the data 
for the F-84E represent 255 hours of fll^t time. These data are prob- 
ably not representative of normal training operations since the F-84B 
was restricted to a load factor of 5 because of a pitch-up tendency and 
the data for the F-&4-E were obtained mainly during high-altitude per- 
formance tests. 

Data are not available for a direct comparison -with the Lockheed 
F-9^B test dataj however, a ccm^iarison is made with 1,212 hours of opera- 
tional training with the Lockheed F-80A and B airplanes (ref. 19) and 
with 1,044 hours of operational training with F-80A, B, and C airplanes 
(ref. 20). In figure 65 a con^arlson of the probability values obtained 
from these different sets of data is shown for positive load factors. 

Also Included are valiies from 253 hours of dive-bombing and ground- and 
aerial-gunnery training with F- 8 OA, B, and C airplanes (ref. 20). These 
data along with 220 hours of ground- and aerial-gunnery data with F- 8 OA 
and B airplanes are compared on a time-to-exceed basis in figure 66. 

In figure 67 a ccanparlson of the time -to -exceed values obtained from, 
these different sets of data is shown for negative load factors. Because 
of the lack of other F-84 negative -load-factor data, the data points for 
the F-84g test airplane are also presented in this figure. 

The results shown in figures 59 to 67 indicate that up to the service 
limit normal load factor the probability of exceeding a given normal load 
factor for the test airplanes is about the same as that of other tests 
even though the data of the other tests represent considerably more flight 
time and different types of missions. The results also show that, in gen- 
eral, the average flight time required to equal or exceed a given normal 
load factor for the test airplanes of this program is less than that of 
the other tests, except when gunnery or dl've-bombing only are considered 
for the other tests. In this case the results seem to merge, which would 
be expected, since the maneuvers of both sets of data are of similar 
natxare. The time -to -exceed ciorves for this program are, for the most part, 
about parallel to those of the other tests; this parallelism indicates 
that both sets of data represent the same manner of utilization. It is 
indicated that the data of the present tests are representative of many 
more hovirs of flight time than were act-ually recorded. 

;^pothetical case illustrating reversal of probability curve at high 
norma.! load factors: In many probability and time-to-exceed plots for 

normal load factor the experimental data show a tendency to diverge from 
a typical probability or time-to-exceed curve at hi gh load factors as 
shown by the data for the P- 86 , F-84, and F -80 airplanes (figs. 59, 60 , 

64, and 66 ) and also for other airplanes (ref. 21). This type of reversal 
in the cur'ves is similar to the results obtained when two frequency dis- 
tributions are superimposed. In figure 68 two frequency curves are shown 
on a semllogarlthmlc scale. Ihe data for the 1,150 hours of operational 
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training for the F-86A airplane (ref. I 7 ) were used and the test fre- 
quencies were multiplied by 10 to approximate roughly the results for 
about 11,500 hours of flying. 

The two assumed frequency distributions shown in figure 68 are 
defined as f^ and The frequency distribution f^^ was faired 

thro^agh the test data. The frequency distribution fg was arbitrarily 

assumed to be a nomnal distribution centered at the design ultimate load 
factor of 11 and tlien fitted through the two experimental points. The 
square symbols Indicate the assumed or calculated frequency and the 
circular symbols indicate the test" frequencies multiplied by 10. In 
figure 69 the probability cinrves and Pg, corresponding to f^ 

and fg, are shown with the total probability curve P^. The total 

probability curve is given by 


Pt 


W2. + Ng 


^ 2^2 

% + Ng 


(15) 


Also shown in figure 69 are the experimental points from reference I 7 . 

In figure 70 combined probability curve is shown on a time-to-exceed 
basis. It may be seen that the type of curve obtained by combining two 
distributions is similar to the cixirves found experimentally at high load 
factors . 

A possible explanation of the two distributions is that the first 
distribution is the ordinary one to be expected up to the limit load 
factor, whereas the second distribution is one based on load factors 
reached inadvertently and in emergencies. For this reason none of the 
probability cxurves in this paper have been extended beyond the limits of 
the data. 

It is believed that even though the data may be represented by com- 
bining two freqxiency distributions, enough data to determine the second 
or Inadvertent distribution could not be obtained on fighter aircraft 
since many thoiasands of hours of flight time would probably be needed. 

It is therefore indicated that the loads to be expected could not be 
predicted by standard statistical methods. 

Transverse load factor .- The TnaxlTmim corrected transverse load 
factors plotted against the indicated airspeed for each airplane are 
given in figure 7 I and the envelope for all the airplanes is shown in 
figure 72 . In general, the maximum transverse load factors reached a 
peak at an airsx>eed of about 500 knots for operational maneuvers. The 
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TTin.ytTtnjm transverse load factor measured was 0.54 with the F-94-B airplane. 
This point which is shown above the boundary for the F-94B airplane was 
obtained during an abrupt uncoordinated turn when entering the landing 
pattern. The design requirement of reference I 3 states that the airplane 
shall be designed to withstand a transverse load factor of 2. 

The probability points for transverse load factor and the fitted 
probability curves are shown in figure 75 for each airplane. The prob- 
abilities are given as the percentage of the total number of transverse- 
load-factor peaks that equal or exceed a given load factor if ■tdie load 
factor is above O.O 5 . The frequency distributions of transverse load 
factor and statistical parameters on which the probabilities are based 
are given in table VII. In figure 75 4"^ noted that the proba- 

bilities of equaling or exceeding a given transverse load factor are 
about the same for all the test airplanes, except for the F-94-B airplane 
for which the probabilities are considerably higher. 

Vertical -tall load parameter pq^-- In order to estimate the rela- 
tive magnitudes of vertical -tail loads over the speed range, the maximum 
values of vertical -tail load parameter 3q^ obtained in these tests for 
each airplane are plotted against indicated airspeed in figure 74 and the 
envelope for all the airplanes is given in figure 75 . Angle-of -sideslip 
measurements for the F-86 a airplane were insufficient to define an enve- 
lope. The product pq^ is plotted in these figures Instead of pq, the 

usual vertical -tall load parameter, since at a given Indicated airspeed 
the values of pq^ and pq are nearly' the same. The maximum vertical- 

tall loads indicated in these tests by the value of pq^ were obtained 

at speeds which correspond roughly to the upper left-hand comer of the 
V-n diagram. The relatively hl^ values of Pq^, obtained at the highest 
speeds were obtained in Inadvertent airplane lateral oscillations and 
were not the result of one of the critical maneuvers mentioned under the 
discussion of sideslip angle. These lateral oscillations were especially 
noticeable for the F-94B airplane. (See fig. 74.) It is interesting to 
note that stability deficiencies, such as uncontrolled lateral oscilla- 
tions, may produce loads as high as those obtained in controlled maneuvers. 

A ccsnparlson between the test results and the Navy rolling pullout 
requirement for pq^ that a full aileron roll be made at 0.8 of the 
design limit load factor is also shown in figure 75* lb may be seen 
that the values of Pq, obtained frcm this requirement (calculated by 

the method of ref. 22) are greater than those obtained in these tests. 
Another design requirement which states that the airplane be designed 
for 5° of sideslip angle at limit diving speed results in a value of pq^ 

of about ^,000 which is more than twice the largest value obtained in 
these teste as shown in figure 75 . 
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It woiild "be of value to have a statistical instrxmient which would 
measure pq.; however, since exterior equipment would he necessary to 
measure the sideslip angle, it has been suggested that the transverse 
load factor could be used in place of the angle of sideslip. In order 
to show the correlation of transverse load factor with sideslip angle, 
the corrected transverse load factors are shown plotted against the 
vertical -tail load parameter pq^ in figure 76. It can be seen that 

the correlation between the cori^cted transverse load fantor and pq^ 
is fairly good. The scatter is caiised partly by using q^ in place 

of q, partly because of reading inaccuracy of load factors and correc- 
tion terms, and partly because of other variables entering into the 
side -force eq'uations. Although the correlation between the corrected 
transverse load, factor and the term pq^ is good, it has been found 
that the correlation between the transverse load factors uncorrected for 
angular -velocity and angular -acceleration effects and the term pq is 
very poor. 

It is of interest to note in figure 76 that, for the F- 84 G airplane, 
all the large transverse load factors which are outside the mass of data 
were measured in snap rolls. 

Longitudinal load factor .- The maximum longitudinal load factors for 
each airplane plotted against indicated airspeed are given in figure 77 
and the envelope for eiU the airplanes is shown in figure j8. The high- 
est longitudinal load factors reached in these tests were about O .85 
foivard and about 0.55 rearward both with the F-86a aliplane. In gen- 
eral, ttie maximum forward longitudinal load factor reached a peak at an 
airspeed of about 250 knots. The Tna-y-tTmam forward load factors were due 
mostly to the time rate of change of flight-path angle in longitudinal 
pull-up type of maneuvers . The maxiTmim rearward longitudinal load factors 
measured in these tests increased with airspeed- up to the highest speeds. 
The maximum rearward load factors at the highest speeds were due mostly 
to the use of speed brakes in flight. Rearward load factors as large 
as 1.5 were measured in landing impacts. These data are not included in 
the figures. 

Load-factor combination (nqi and nyj.- From the plots of trans- 
verse load factor against normal load factor in figures 79 sn^ 80 it can 
be seen that relatively high values of transverse load factor may occur 
at high normal load factors as well as at low normal load factors. The 
highest transverse load factor measured in these tests ( 0 . 5 ^) was obtained 
at a normal load factor of about 6 for the F-9^B airplane. The points 
above the boundaries for the F2H-2 and F-94B airplanes, with the exception 
of the lateral-oscillation value, were obtained in abrupt turns when 
entering the landing pattern. These turns may be considered as lulling 
pullout type of maneuvers. 



HACA EM L55L28 


31 


Airspeed and Altitude 

The time spent in various altitude and airspeed ranges is shcfwn in 
figures 8l and 82. The time is given in percent of the total maneuvering 
time which was approximately ^.6 hours for the F-86 a, 2*5 hours for the 
F2H-2, 8.0 hours for the F-8iKx, and 3*9 hours for the F-9^B airplane . In 
the airspeed frequency chart it is indicated that^ in general, at least 
65 percent of the maneuver flying time for n-Tl the test alrpl^es occurred 
at speeds between 200 and 350 knots. The maximum airspeeds reached for 
the straight-wing airplanes were about 5 OO knots and the maxlmim airspeed 
reached with the F- 86 a was about 60 O knots . It may be seen in figure 82 
that most of the ^maneuvering was done at altitudes less than 25^000 feet. 
Altitudes greater than 35^000 feet were seldom reached in these tests. 


SCME APPLICATIONS OF EESULTS 
Statistical Loads Ihstruments 


One p\n:p)Ose of the present test program was to determine the important 
quantities and their ranges for lose in designing instruments for statisti- 
cal loads measTorements . 

In general, if accurate loads indications are desired, n-l T the meas- 
urements made on these test airplanes would be necessary in addition to a 
knowledge of the stability derivatives for the airplanes. Since it would 
be impractical to obtain all these measurements with operational airplanes, 
seme compromise must be made. 

Wing loads .- Measurements of normal load factor, speed, and altltxide 
are sufficient for determining overall wing loads. At the present time 
such measurements are being made by means of VGH recorders and flight 
analyzers. For statistical measurements the present tests indicate that 
a simple acceleration threshold counter would be adequate for most pur- 
poses. Such a counter, however, would not be satisfactory for obtaining 
time -to -exceed curves unless an empirical factor relating number of peahs 
to n-umber of threshold points could be determined. From the results of 
this paper this factor is between 5 an<3- 8 for a lo^ factor interval 
of 0 . 5 . (See table VI.) 

Eorizontal-tall loads .- The simplest form of the horizontal-tail- 
load equation is 




(16) 
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or 


= CniQ'lS 


_c_ y 

xt ^ xt Ck^ “ xt 


(IT) 


Therefore, if the variation of the pitching moment of the vlng-fiiselage 
combination. with lift coefficient and Mach number is known from other 
tests, the tall load is a direct function of airspeed, load factor, and 
pitching acceleration 


= 


8q. 


q + 


Bny 


ny “ 


Se 


(18) 


Thus, an instrument that measures airspeed, altitude, load factor, and 
pitching acceleration on a time scale would give a good measure of both 
the loads on the wing and the horizontal tail. 

If only maximum loads were required, an instrument which would ^ve 
envelopes of normal load factor against airspeed (V-G recorder), pitching 
acceleration against airspeed, and pitching acceleration against normal 
load factor coxild be used. 

Vertical -tail loads .- Perhaps the sinrplest measurement that would 
indicate the magnitude of the vertical -tall load is the angle of sideslip 
in conjimctlon with the airspeed and altitude. The term Pg. is roughly 
proportional to the vertical-tail load and an Instnanent that could 
record this qiiantlty would be of value. - 

Since the sideslip-angle measurement would have to be made externally, 
it would be convenient if some other means could be used to obtain this 
parameter. One way would be to measiire transverse load factor; however, 
from the results of these and other tests, it has been determined that, 
in order to measure transverse load factor with any acciaracy, the accel- 
erometer must be located at the airplane center of gravity. Distances 
as close as 2 feet from the center of gravity result in large errors due 
to the angular motions of the airplane. Therefore, it is believed that 
an external measurement of the sideslip angle is necessary. Such meas- 
urements could be made with a ualt that would not materiaJ.ly alter the 
exterior appearance of the airplane. 

Thus, if a time recording of airspeed, altitude, normeil load factor, 
pitching acceleration, and sideslip angle were made, a rou^ indication 
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of most of the air loads on the airplane could, he obtained. The results 
from the present tests could be used, as a guide to determine the ranges 
of the instruments . 


Fatigue 


Although the results obtained frcan. these tests are not directly 
applicable to the fatigue problem for fighter-type airplanes, certain 
phases appear to be of some interest. For instance, in figure 57 i'fc "was 
shown that the probability curves for normal load factor are approxi- 
mately the same for all four airplanes when based on the service limit 
load factor. Also in figures 59 65 it may be noted that the results 

from other tests of service aiirlsnes are about the same at load factors 
up to the service limit load factor. Therefore, it would seem feasible 
to use a standard probability curve to represent the manner in which 
loads are imposed on fighter aircraft in order to arrive at a fatigue 
life. Such curves are shown in figures 83 euad 8^4-. In figure 83 the 
probability values for load factors greater than 2 are shown for the 
four test airplanes together with probability valiies for the F-86 a and 
F -80 airplanes of references I 7 , 19 j and 20. The probabilities are 


plotted against the ratio 


Uy - 2 

— for ccmparison. 

“Vs 


It may be seen that 


all the combined data are approximately equal at load factors up to the 
limit load factor. Therefore, a curve was faired throii^ the data and 
for p'urposes of illustration was extended linearly beyond the limit load 
factor. In figure 84 the standard probability curve is shown for load 
factors greater than 1 where the probabilities are plotted against the 

n-y — 1 

load-factor ratio — . In transferring the ciirve of figure 83 to 

“Vs “ ^ 

figure 84, an average service limit load factor of 7 was used. Sli^tly 
different curves would be obtained for other service limit load factors; 
however, for fighter airplanes having service limit load factors from. 5 
to 8, either of the curves given in figures 83 and 84 would be satisfac- 
tory. The differences obtained in using either cirrve are within the 
scatter of the experimental data. 


The number of cycles of load imposed on the airplane in any load- 
factor Interval may be given as 


f = PpT 


(19) 
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where the prohability of exceeding a given load factor P is obtained 
from curves such as shown in figures .83 and 84, and the number of hours 
of flight time T is specified. The tena p is the avereige number of 
load-factor peaJcs per hour of flying time for the type of flying for 
which the airplane is -used. This factor could, be obtained from a sta- 
tistical study of load factors on fighter airplanes in average opera- 
tion. (The present test results sho^ild not be used since the maneuvers 
were scanewhat more concentrated than average . ) the results of ref- 

erences 17 , 19 ^ an<3- 20 it has been found that the value of p for those 
tests varies from about 15 to 29 load-factor peaks per hour above a load 
factor of 2 for all types of training missions. It is to be noted that 
a given maneuver will usually have several load-fantor peaks. If gun- 
nery training only wei^ used to determine p, the value would be con- 
siderably greater (as hi gh as 70 ); however, it is believed that the 
value of p should be obtained from data which present an overall rep- 
resentation of the manner in which the airplane is normally used. It 
was found from the present test results that the value of p for load 
factors greater than 1 is about two times the value of p for load 
factors greater than 2. Therefore, a tentative value of p would be 
about 30 for load factors counted above 2 and about 60 for load factors 
counted above 1. These correspond to the highest value found in refer- 
ences 17 , 19 ^ ajid 20 and are probably conservative. 

In order to illustrate the possible use of the present results in 
determining the fatigue life of fighter airplanes, two examples of pos- 
sible types of fatigue failure are shown in flgirre 85 . In this figure 
the ratio of applied load to actiml ultimate load ny^ny.^ is plotted 

against the number of cycles f applied. The fatigue -failure curve 
shown is a typicaO. curve for a fighter airplane (ref. 23 ) and is given 
for purpose of illustration only. It does not necessarily represent the 
failure cxorve for any of the test airplanes. It i.s assumed that, when a 
load-factor distribution curve reaches the failure curve, a fatigue 
failure will occur. The distribution curves shown in figure 85 were 
adjusted so as to reanh the failure curve by changing the flight time T 
in equation ( 19 )- 

Of the two cases presented in figure 85 , the load-factor distribution 
used for ciirve A is that of figure 83 . This curve represents a normal- 
strength airplane where the service -limit load factor is 7*55 and the 
actual, ultimate load factor is 11. In this case a fatigue life of about 
2,100 hours is obtained, based on the assumed failure cxxcve. The load- 
factor distribution used for curve B is a case where a reversal at high 
load factor occurs. This curve represents an overstrength airplane where 
the service limit load factor is 6 and the actuad. ultimate load factor is 
assxmaed to be l4. This case is similar to that for the F-86A airplane and 
the probability cvur'/e used is that labeled in figure 69 . In this 

case, where the service limit is low and the ultimate is high, no fatigiae 
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failure occiors; but the airplane fails when the ultimate load factor is 
reached on the average in about 1,850 hours. 

In addition to a superimposed distribution caused by inadvertencies, 
a gust frequency could also be superimposed on the maneuver frequency 
distribution. This was not done in the present case since the data used 
to obtain the standard probability curves included load factors due to 
gusts as well as maneuvers. It is not known if the proportion of gusts 
encountered in these tests is representative of that obtained during 
normal service operations. 

It sho-uld be remembered that the preceding discussion does not rep- 
resent any particular airplane and that the fatigue lives given are for 
purposes of Illustration only. Actual fatigue lives would depend upon 
the shape of the particular failure cuirve and load-distribution cuirve. 


COHCLUDING REMARKS 


Erom. the results of the more than 2,000 maneuvers performed in the 
present tests of operational training with jet fighter airplanes, it has 
been determined that the service pilots utilized the positive V-n enve- 
lope but, in the flight time recorded in these tests, did not approach 
the negative V-n envelope. The maneuvers which are critical for horizontal- 
and vertical-tall loads appear to be less severe than any present design 
requirement. This observation does not mean that the present design 
requirements are overly conservative since these airplanes could reach 
the design limits if the pilots controlled the airplane in the manner 
specified by the requirements. The data presented do indicate, however, 
that in these tests, the service pilots in performing their operational 
training missions did not approach the design limits of the airplanes. 

From the limited statistical analysis presented it is indicated that, 
for most of the measured quantities, the probability of exceeding a given 
value is roughly the same for a-T 1 the test airplanes. In the case of 
normal load factor the probabilities of exceeding positive load factors 
for all the test airplanes were about the same when based on the airplane 
service limit normal load factor. 

When compared with normal -load-factor data of other tests of opera- 
tional airplanes representing considerably more flight time and different 
types of missions, the resuilts indicate that up to the service limit normal 
load factor the probability of occurrence of a given normal load factor for 
the test airplanes is about the same as that of the other tests. When the 
two sets of data are compared on a time-to-exceed basis, it is indicated 
that both sets of data represent the same manner of utilization and that 
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the data of the present tests are representative of many more hours of 
flight time than were actually recorded. 

It is indicated that the extrapolation of probability or time -to - 
exceed curves beyond the limits of the data is doubtful. For normal 
load factor it is shown that a possible reason for the change in shape 
of the probability cvurves at high load factors may be due to the combi- 
nation of two separate frequency curves, one a regiolar distribution and 
the other caused by inadvertencies or emergencies. 

Some possible applications of the results to the problem of fatigue 
and to the design of statistical loads instruments are also included. 


Langley Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., December 1955* 
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APEE3SDIX 

COMPARISON OF METHODS OF COUNTING NORMAL LOAD FACTORS 


In making a statistical analysis of tbe normal load factors obtained 
in these tests three different methods of counting the load factors were 
used. These methods are illustrated in figure 86 . The solid symbols in 
the figure define the points counted in each method and the number of 
points coxanted at each interval is given in the table below the figure. 

In method A normal -load-factor thresholds were counted at intervals 
of 0 . 50 . A count W 6 LS made at 6 very point at which a threshold value was 
intersected by the load factor. This method is similar to the simplest 
type of acceleration or load-factor counter. In method B only peak load 
factors were coxinted. For a peak to be counted by this method two cri- 
teria had to be fulfilled; 

1. The load factor had to increase an amount equal to or greater 
than one -half of the amount that the load factor decreased following the 
previous peak counted. 

2. The load factor had to decrease an amount equal to or greater 
than one-half of the amount the load factor increased following the pre- 
vious peak counted. 

This method is best shown by the illustration in figure 86 . 

The third method (method C) is one in which the load factor is 
assumed to be made up of several superimposed load-factor distributions . 
Increments of load factor are superimposed on the Tna-ir-fmuTn load factor. 

In using this method only incremental values are read as shown in fig- 
xire 86 ; therefore, in the figures and tables pertaining to this method 
a load factor of 1 has been added to the increments for ptuposes of 
comparison. 

There are other methods of counting peaks and all are somewhat arbi- 
trary. The three methods selected for this paper were chosen arbitrarily 
to show any differences in the frequency distribution due to different 
methods of coxinting. 

The frequency distributions of normal load factor and the statisti- 
cal parameters on which the probabilities are based_for all the airplanes 
are given in table VI for methods A and B and also “for the F2H-2 airplane 
by using method C. The thresholds used in method A are the first numbers 
in each of the intervals given in the table. Negative load factors were 
not counted by methods B and C. 
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A ccmpaxlson of methods A aod B is shown in figure 87 where the 
frequency of occurrence in percent of the total number of occxarrences is 
plotted against normal load factor for each of the test airplanes. The 
symbols connected by straight lines represent method A and the rectangles 
represent method B. In this comparison (on a percentage basis) it may be 
seen that there are no appreciable differences in the results obtained 
by either method except near a load factor of 1. At load factors near 1, 
of course, an infinite number of points could be counted; therefore, the 
differences shown in figure 87 at load factors near 1 are not signifi- 
cant. (For this analysis the points given at~ a load factor of 1 were 
counted only when the load factor increment was greater than 0 . 25 * ) 

There appears to be scane tendency at high load factors for the relative 
frequencies from method A to be somewhat lower than those from method B. 

Probability curves for each airplane obtained by using methods A 
and B are shown in flgiore 88 . In this figure the probability is given 
as the proportion of load factors exceeding a given load factor. For 
example, the probability curve for the F-84G alip)lane obtained by using 
method B indicates that in 1,000 maneuvers in which the peak load factor 
is greater than 1 . 0 , one maneuver would have a load factor greater 
than 7 . 0 . The probability curves based on methods A and B also compare 
reasonably well with each other as shown in figure 88 . It must be remem- 
bered that at the highest load factor the difference of about 5 to 1 as 
shown for *the F- 86 A, F2H-2, and F-84G airplanes is based on only one or 
two points at these high load factors and therefore is not a reliable 
basis for ccsiparlng the methods. On the other hand, at the lower load 
factors the probabilities are based on many points and the differences 
are more significant. 

For the F2H-2 airplane all three methods of counting were used. The 
probability plots for all load factors above I .5 for the three methods 
are shown in figure 89 . It may be seen in this figure that there are no 
great differences in probability obtained from methods A, B, and C for 
the F2H-2 airplane. 

For individual maneuvers such as shown in figure 86 the various 
methods will resvilt'in much different frequency counts (as shown in the 
table of fig. 86 ); however, when the mass of data is analyzed it appears 
that, although the three methods of counting are significantly different, 
the relative frequency distributions suad probability CTurves obtained from 
all the methods are similar. Therefore, it is believed that the sln 5 )lest 
method would be preferred in the design of statistical instruments. 
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TABU I.- DUBIBZOBB ABD PEZS2CAL CEfiLMTSRISnCS GT QE TEST AXBFIAIES 


COEQ>Ofi0n't 


Ohlt 

AlrplAna 

r-asA 

FS-2 

T-Sta 

r-9AB 


Serial noriber 


fiiBs? ka-szr'X 
■\iaAr 119-1285/ 

BuAaro nnober 
125256 

xaa 51 -W 5 

USff 5I-538aA 


Total area (includins portion 
ccrrered. bjr' fueelage) 

S(£ ft 

287-9 

29>l'.l 

261.0 

238.0 


Span (vltbout tip tanks} 

llta 


500.3 

438.8 

V 51.5 


Mean aerodynaslc chord. 

In. 

9T-0 

88.4 

88.8 

60.6 


Lateral location of aean 
aerodynaalc chord nomal to 
fuselafi* reference line 

in. 

98 -T 

lU.O 

96.3 

92.0 


Vertical location of naan 
aarodynaalo chord nonal to 
and belcnr fuselage 
reference line 

in. 

B 

0.4 

B 

13.1^ 

Wins 

Distance fron nose to 
edge of aean aerodTnaxlo 
chord 

In. 

1A-5 

lOT-o 

l£9.6 

210.9 


Aspect ratio 


K.T9 

5.89 

5.10 

5.96 


T««r ratio, "f 

Root chord 


0-51 

Q .52 

0-5T 

0.38 


Sveephack of S^percent- 

deg 

35-a 





chord line 





Incidence of root fchord 

deg 

1.0 

- 0.5 

0.0 

1-0 


Incidence of tip chord 

deg 

-1-0 

- 0.5 

-2.0 

- 0.5 


Dihedral 

deg 

5-0 

3.0 

5-0 

3.5 


Root alrfoQ. seotloci 


KACA 0C02-4A 
(Kdinad) 

lACA 65 x-21£ 

b4A5*1512>-9 

(12 percent thick) 

MCA 63us-213 


Tip airfoil section 


ncA oou-S^ 

(aodifled) 

UCA 65-209 

R4,45-151fi“.9 
(12 penreent thl^O 

UCA 65it 0-213 


Total area (one) 

sq ft 

18.6 

9A 

16.1 

8.8 

Ailnron 

Static llaltB of trsrel 

da. 


Op 20 
Down 80 

Op 17.2 
Doun J 5.2 

Up 20 
Down 20 


Tbtal area (including 
portion corered hy 
fuselage) 

8<l ft 

35-0 

69.8 

48.4 

At-8 


Span 

in. 

153-0 

2Stt-T 

179.5 

199-0 


Usan aerodgmaolc chord 

In. 

3^-T 

4T-4 

40.1 

38.2 


lateral location of aaan 
aerodynaMe chord norml 
to fuselage reference line 

In. 

38-5 

<>9.S 

41.5 

38-3 


Vertical location of aean 
aerodynaale chord nomal to 
and abore fuselage 
reference line 

in. 

a5-5 

58.0 

er-5 

2fiJl 


Sail length (2^ percent of 
vlng H.A>C. to 29 percent 
of borlaontal-tall K.A>C.) 

in. 

222.3 

205.1 

217.0 

190.5 


Aspect ratio 


k-.6i 

‘^.fi5 

lh.65 

5-75 


T««r ratio, ”8 

Boot chord 


0.45 

0.60 

0.56 

0.56 



deg 

*.6 





chord line 





TVigfa^ne* 

deg 

Adjustable 

0.4 

0.0 

0.5 


Dihedral 

deg 

10.0 

0.0 

5.0 

0.0 


Airfoil section 


UCA OOIO-A 

MCA 65(io)-011 

rV,ao-oio 

UCA 65-010 


Total area (oca) 

s<i ft 

5-1- 

9.4 

8.5 

4A 

Elcrator 

Static Units 

dag 

miMtm 

TJP 15 
Dcivn 15 

up 25 

Down 10 

38 

Down 17.5 
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TABIS I.- TmtSSlOIB ASD PSTBICAL CEARAC1IEEI6TZCS OP TES ZEST AIRFLAKES - Conduded 


Cotqponent 

Xteai 

Unit 

Airplane 

r-afiA. 

? 2 a -2 

r-840 

F-94B 

Stabiliser 

Leadlng-adge Units of 
travel 

deg 

1.5 "I 
\Oown lOj 

Fixed 

Fixed 

Fixed 


Total, area (including 
portion above fuselage 
and errl\K!llng dorsal 
or ventral area) 

sq. ft 

33.lt 

38.9 

50.p 

22.3 


Span (fron fuselage 
oontour) 

In. 

90.fi 

66.0 

86.0 

77.0 


Maan aerodjnmnio chord. 

in. 

37.5 

67.5 

63.0 

48.5 


Vertical location of stean 
serod^iSBtic chord above 
fuselage contour 

In. 

56.5 

57-6 

28.5 

®.5 

TertlcaJ. tall 

Vertical location of naan 
aero^/nanlo choard normal 
to and above fuselage 
reference line 

in. 

»-7 

77-6 

43.5 

58.1 


Tail length peroent of 

wing M.A<C. to 2^ percent 
of verticaL-tail M.A.C.) 

in. 

aox-3 

205 A 

218.3 

193.5 


Aspect ratio 


1.711 

1.31t 

fi.fi5 

1.83 


Taper ratio ^ Tip .chord 
Boot chord 


0.36 

0.45 

0.59 

0.40 


Svaepback of 9 *’P^ 2 *cent> 

deg 

35.0 





chord line 





Airfoil section 

- 

XACA 0011.-6^ 

SAGA 

65 (io )-011 

RAikO-OiO 



mcA 65-010 


Tbtal area 

o<l ft 


10.1 

10.0 

5.5 

Rudder 

Static Vlsrits 

deg 


Right 20 
Left 20 

Bight 85-5 
left 25-5 

Right 50 
Left 50 


Satal length (excluding 
nose boon) 

in. 

ltl 2 .k 

481.8 

46lA 

481.3 

Foselaga 

texjnmiM vldth 

in. 

60.0 

46.9 


36.0 


front al area (excluding 
canopjr) 

6<l ft 

80.0 (approx.) 

15.7 

17-0 

17.0 (qpprox.) 

Speed brakes 

Total effective frontal 

area 

S^ ft 

B .6 

11.6 

including 

cutouts 

3.4 

5.0 

Tip tanks 

Weight enpty (cce) 

lb 


200 

178 

190 

Capacity (one) 

6 &X 

— 

eoo 

850 

so 

Velfbt and 

Measured airplane velght 

lb 

* 1 *,E 20 

’^7,940 

’’15,440 

* 13,160 


Ceuter-of-grayity 

location correspoaUng 
to above weight 

percent 

M.A.C. 

a >.8 

26.8 

23.8 

27.3 


Corresponding weight 

Ib 

* 12,600 

’’ 16,520 

’’15,440 

* 13,650 

nooants of 

Ix (roll) 

sjug-ft® 

6,700 

19^000 

18,600 

11,900 

wsl^t as 

ly (pitch) 

slug- ft® 

16,500 

26,300 

21,300 

26,600 


iz (yw) 

slug- ft® 

21,700 

42,700 

38,900 

57,600 

Poverplant 



General Elsotrlc 
J-k7 

Veetln^aoase 

(two) 

J-J4-WB-34 

Allison 

J-35-A-29 

Allison 
J-33-A-35 
with sfter- 
■ burner 


^lo eactftmiil taziks. 

'^Slp tanks on but espty. 
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XABU n.- mqinacY bibirieuxion cf smfuxR lura 


1 

6j) radlans/sec 

0.1 

to 1 

0.19 

.2 

to 

.29 

.5 

to 

•59 


to 


•5 

to 

•59 

.6 

to 

.79 

.8 

to 

.99 

1.0 

to 

I.X 9 

1.2 

to 

1.39 

l.k 

to 

1..39 


1.6 to 1.79 
1.8 to 1.99 
2.0 to 2.19 


Frequency 

F-filfO F- 94 B 

Poeltlve I Begatlre | Total | Positive | negative Total Positive negative Total Positive negative Totsil vj, < I50 vj, > I50 

18 51 



21 

ks 

J9 

S6 

6 

9 

2 

3 




95 

23 

lt 5 

23 

26 

17 

10 

8 

6 

5 

2 

2 




to 2.39 1 

1 








1 

1 

2 

2 

■ 0 

H 

32 

49 

81 

22 

28 

50 

98 

130 

228 

102 

94 

196 

90 

106 

T 

2U.3 

14.3 

14.3 

17.8 

17.8 

17.8 

19.6 

19.6 

19.6 

7.9 

7.9 

7.9 

7-9 

7.9 


0.1IOO 

0.471 

0.443 

0.209 

0.221 

0.216 

0.39a 

0.368 

0.378 

0.543 

0.568 

0.335 

0.749 

0.395 


0.158 

0.202 

0.1B9 

0.0778 

0.106 

0.0931 

0.179 

0.176 

0.178 

0.388 

0.372 

0.392 

0.488 

0.163 

“3 

1.51B 

1.714 

1.750 

0.362 

1.121 

1.142 

2.593 

3.592 

3.047 

2.304 

1.909 

2.260 

1.421 

l.£bl 

04 

4 . 1(80 

7.023 

7.004 

2.170 

2.715 

2.976 

9.576 

18.250 

i 4 .i 63 - 

12.811 

7.578 

8.527 

4.438 

6.303 
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TABLE III.- FREQUENCY DISTRIBUTION 
OF AILERON RATE 


NACA RM L53L28 


±6;^, radiansAec 

1 

0.2 

to 

0.39 

.4 

to 

•59 

.6 

to 

•79 

.8 

to 

•99 

1.0 

to 

1.19 

1.2 

to 

1-59 

1.4 

to 

1-59 


Frequency 

F-86A 

F2H-2 

F-84G 

F-94b 

57 

36 

775 

277 

11 

10 

151 

44 

9 

9 

27 

15 


N 

78 

65 

967 

T 

14.3 

17.8 

19.6 

^A 

0.582 

0.512 

0.555 


0.148 

0.506 

0.124 

[ 

°'5 

1.631 

1.501 

3.012 

“4 

4.473 

1 

4.445 

14.358 


0.557 


0.137 


3.064 


14.357 
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TAEI£ 17.- TSSXS^SSCI T>IffISJSffZ10S CP BUIHUSR Ki^ 


ra&lans/sac 

Frequency 

F-86a 

F2H-2 

F-SiG 


Vl < 150 

> 150 

Total 

VI < 150 

Tl > 150 

Total 

Tl < 150 

VI > 150 

Total 

▼1 < 150 

VI > 150 

Tat.1 

0.1 to 0.19 

3 

22 

25 

4 

30 

34 

56 

186 

OOP 

43 

62 

105 

.2 to .29 

1 

6 

7 

5 

5 

10 

22 

44 

66 

28 

7 

35 

.3 to .39 

2 

2 

4 

0 

1 

1 

16 

10 

26 

22 

9 

31 

.It- to .lt-9 

0 

0 

0 

0 

4 

4 

9 

7 

18 

16 

2 

18 

.5 to .59 

1 

0 

1 

0 

5 

5 

2 

2 

4 

12 

4 

16 

.6 to .69 

1 

0 

1 

0 

1 

L 

1 

0 

1 

4 

2 

6 

.7 to .79 

1 

0 

1 

0 

0 

0 

1 

1 

2 

3 

0 

5 

.8 to .89 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

0 

4 

.9 to .99 

0 

0 

0 

1 

0 

1 

0 

0 

0 

4 

1 

5 

1.0 to 1.09 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

0 

4 

1.1 to 1.15 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1.2 to 1.29 

3 

0 

5 

1 

0 

1 

0 

0 

0 

1 

0 

1 

1.3 to 1.39 







1 

0 

1 

1 

0 

1 

1.4 to 1.49 










1 

0 

1 

1.5 to 1.59 










1 

0 

1 

1.6 to 1.69 










0 

0 

0 

1.7 to 1.79 










0 

0 

0 

1.8 to 1.89 










1 

0 

1 

1.9 to 1.99 










0 

0 

0 

2.0 to a.09 










0 

0 

0 

2.1 to 2.19 










0 

0 

0 

£.S to £.29 










1 

0 

1 

2-5 to 2,39 










0 

0 

0 

£Jt- to £.49 










0 

0 

0 

2.3 to 2.59 










0 

0 

0 

£.6 to £.69 










0 

0 

0 

2.7 to 2.79 










1 

0 

1 

£.8 to £.89 










1 

0 

1 

I 

12 

30 


11 

46 

57 

108 

250 

340 

150 

8r 

S7 

T 

14.3 

14.3 

14.3 

17.8 

17.8 

17.8 

19.6 

19.6 

19.6 

7.9 

7.9 

m 


0.59£ 

0.183 

0.300 

0.368 

0.246 


0.254 

0-190 

0.£14 

0.433 

0.225 

0.369 


0.423 

0.0597 

0.296 

0.354 

0.153 

0.213 

0.163 

0.0839 

0.121 

0.439 

0.148 

0.377 

“5 

0.521 

1.602 

2.416 

1.711 

3.413 


3.356 

2.933 

3.741 

3-010 

2.441 

3.556 

% 

1.815 

4.454 

7.782 

4.241 

8.868 

10. SI 

20.428 

13.931 

27.196 

13.705 

9.505 

19.640 

































































































































































IffiU T- imPBCI 


laBlani/MC^ 

f-66a 

T?n~& 

Pooltlw 

li88tlira 

Total 

ToiiUn 

■agatlTC 

0.£0 to 0.29 

75 

101 

176 

87 

55 

.30 to '.39 

s?r 

5t 

6 l 

12 

10 

AO to 

U 

21 

35 

8 

6 

.50 to .59 

15 

6 

19 

4 

15 

.a> to .69 

5 

5 

e 

6 

0 

.70 to .79 

1 

3 


3 

0 

.Bo to .89 

1 

1 

s 

D 

2 

.90 to .99 

1 

1 

2 

0 

Q 

1.00 to 1.09 

0 

0 

0 

0 

1 

1.10 to 1.19 

0 

1 

1 

0 

0 

l.SO to 1.39 

1 

0 

1 

0 

1 

1.50 to 1.39 

Q 

1 

1 

0 

0 

iJiO to lJ)9 

0 

0 

0 

0 

1 

1.50 to 1.59 

0 

1 

1 



1.60 to 1.S9 






1.70 to 1.79 






1.60 to l.d9 






1.90 to 1.99 






ir 

06 

175 

VI 

60 

69 

T 

aj 

Ji.3 

A ..3 

17.6 

17.8 

TT 

e 

0.3>i9 

0.350 

0.349 

0.38G 

0-399 


0.155 

O.lfiB 

0.175 

0.157 

O.S54 

“5 

a.317 

3ASO 

isa 

0.960 

2J13I 



11.970 

18,037 

16.954 

fi.7lT 

9.889 
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TABLE VII.- FBEQUEHCY DISTRIBUTION OF TRANSVERSE LOAD FACTOR 


±xijp 

0.050 

to 1 

0.099 

.100 

to 

.149 

.150 

to 

.199 

.200 

to 

.249 

.250 

to 

.299 

.300 

to 

.349 

.350 

to 

.399 

.400 

to 

.449 

.450 

to 

.499 

.500 

to 

.549 

N 


Frequency 

F- 86 A 

F 2 H -2 

F- 84 G 

F- 94 b 

214 

66 

4 l 4 

66 

79 

9 

163 

67 

8 

4 

39 

48 

1 


309 

81 

630 

14.3 

17.8 

19.6 

0.0949 

0.0892 

0.0983 

0.0362 j 

0.0335 

0.0391 

2.506 

2.537 

2.311 
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Figure 5.- Utilization of available elevator angles. 
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Figure 4,- Maximuai oq) or down rl^t aileron angles plotted against 

indicated airspeed. 
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Figure 6.- Maximum rudder angles plotted against indicated airspeed. 
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Figure 9»- Envelope of mnYi mi™ elevator rate and indicated airspeed. 
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Figure 11.- Comparison of the data for the F-94-B test airplane with the 
fitted Pearson type III curve for prohahility of equaling or exceeding 
a given elevator rate for three different speed ranges. 
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Figure 12.- Probability of equaling or exceeding a given elevator rate 
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Figure 15.- Maxlniutn riglrb aileron rates plotted, against Indicated airspeed 
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Figure l6.- Maximum rudder rates plotted against Indicated airspeed 
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Figure I?.- Envelope of 


rate and indicated airspeed. 
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Figure l8.- Coiiiparlson of the test data with the fitted Pearson type IH 
curve for prohahillty of equaling or exceeding a given rudder rate for 
three different speed ranges . 
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Figure 19 •- Maximum pitching velocities plotted against Indicated airspeed. 
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Figure 20.- CoiBgparlson of test envelope vltt a method of calculating 

pitching velocities. 
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Figure 21.- Maximum rolling velocitlea plotted against indicated airspeed. 
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Figure 24. - Envelopes of maximum vLng-tip helix angle and indicated airspeed. 
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Figure 25 .- Ma x i m um, wing-tip helix angles plotted against Mach number 
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Figure 29 *- Peak rolling velocities reached during roll to 90 ° plotted 

against time to roll 90°. 
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Figure 50 •- EnvelopeB of peaJb: rolling velocities reached during roll to 

90° and time to roll 90°. 




r 

( 


4 


* 


» 


H 


9 



O Operational maneuver cf Snap roll 


□ Stall or spin 



Figure 51.- Maximum rolling velocities plotted against normal load factor. 
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Figure 52.- Envelope of maximum, rolling velocity eoad normal load factor. 
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Figure 35*- Maxiraum yawing velocities plotted against Indicated airspeed. 
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Indicated airspeed,V. , knots 

Figure 5^.- Envelope of maxinium yawing velocity and indicated airspeed. 
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Figure 55 •- M wc lmu m pitching accelerations plotted against indicated 

airspeed. 
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Figure 56 .- Envelope of maxlmuni pitching acceleration and indicated 

airspeed. 
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Figure 37.- Probability of equaling or exceeding a given pitching 

acceleration . 
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Figure 38.- Cc«5>arlBon of teat results with various methods of calculating 

pitching accelerations. 
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Figure 59." ConpariBon of test resiiltB vlth two methods of calculating 

pitching accelerations "based on test parameterB . ^ 
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Figure 14 - 0 .- Elevator rates associated ■with, "the methods of calculating 

pitching accelerations. 



Figure Ifl.- Maximum pitching acceleratiooh plotted against normal load 

factor. 
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Figure lt2.- Envelope of maximum pitching acceleration and normal load 

factor. 
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Figure 45 .- Maximum rolling acceleratlcaia plotted against indicated airspeed. 
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Figure lA.- Emrelope of maYlnunti rolling acceleration and indicated airspeed. 
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Figure 4^.- Maximum yawing accelerations plotted against Indicated airspeed 
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Figure k6.- Envelope of maximuin yawing acceleration and indicated airspeed. 
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Figure l(-7.- Jfexiraum angles of attack plotted eigalnst Indicated airspeed. 
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Figure 14-8.- Maximum angles of sideslip plotted against indicated airspeed. 
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Figure h-S.- Envelope of maxinrum angle of sideslip and indicated airspeed. 
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Figure 51* - IftillzatlOQ of normal-load-factor service limits. 
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Indicated airspeed ,V., knots 

Figure 52.- Comparison of normal load factors obtained for the F-86A test 
airplane with those obtained from. 1,150 hours of USAF training operations. 
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Indicated airspeed,V,knots 

Figure 55 •- Comparison of normal load factors obtained for the F2H-2 test 
airplane with those obtained from 5^821 hours of USIC training operations. 
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Figure 57.- Probability of equ a ling or exceeding a given fraction of the 
service limit positive normal load factor. 
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Figure ^ 8 .- ProbalDility of norml load factor being equal to or less than 

a given value. 
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Figure 59*- Comparison of the prohahility of equaling or exceeding a given 
normal load factor obtained for the F-86A. test airplane with that 
obtained from 1,150 hours of USAF training operations. 
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Figure 60.- Coraparison of the average flight' time required to equal or 
exceed a given normal load factor obtained for the F-86A. test airplane 
with that obtained from 1,150 hours of USAF training operations. 
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Figure 6l.- Comparison of tlie average fli^t time required to equal or 
exceed a given negative normal load factor obtained for tlie F-86A test 
airplane with, that obtained from 1,150 hours of USAF training operations. 
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Figure 62.- Ccsooparlson of the .average fli^t time required to equal or 
exceed a given normal load factor obtained for the F2H-2 test airplane 
with that obtained from 3^821 hours of USMC training operations. 
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Normal load factor,fiy 

5’lgure 65 .- Comparison of the average fli^t time required to equal or 
exceed a given negative normal load factor obtained for the F2H-2 test 
airplane with that obtained from 5^821 hours of USMC training operations. 
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Figure 6k,- Comparison of the average fligjht time required to equal or 
exceed, a given nonnal load factor obtained for the F-84-G test airplane 
with that obtained for F-84-B and F-84E airplanes diiring training 
operations . 
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Figure 65 .- Comparison of the probability of equaling or exceeding a 
given normal load factor obtained for the F-9^B test airplane with 
that obtained for F -80 airplanes during training operations. 
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Figure 66.- Comparison of the average fll^t time req-olred to equal or 
exceed a given normal load factor obtained for the F-9^B test airplane 
with that obtained for F-80 airplanes during training operations . 
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Figure 67 .- Con 5 )arlson of tiie average flight time required to equal cxr 
exceed a given negative normal load factor obtained for the F-94B 
and the F-84G test airplanes with that obtained for F- 80 A. anti 
F- 8 OB airplanes during training operations. 




Probability, P 


mCA EM L55L28 



Figure 69 .- EroToalalllty curves for hypothetical case Illustrating reversal 
of prohahlllty curve at hi^ normal load factors. 
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Figure 70*- Time to exceed curve for hypottieticeil case illustrating 
reversal of protatility curve at hi^ normal load factors. 
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Figure Yl*- Maxlimim coirected traoBverBe load factors plotted against 

indicated airspeed. 
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Figure 72.- Envelope of maximum corrected transverse load factor and 

indicated airspeed. 
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Figure 73 •- Probability of equaling or exceeding a given transverse 

load factor. 
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Figure 75*- Comparison of test results with two design requirements for 

vertical- tail load parameter Pq^- 




Transverse load factor, n, 


»- % 



£ 

o> 

s 


.4 

.8 

.4 

0 

.4 


% 


.8 


Nose left 
24 16 







0 0 


O Operational moneuvars and stalls 
O Lateral oscillation 






I 

F- 

■84G 



Jd 


0^ 















Nose righ 


Nose left 




IH-Z 








F- 

94B 

0 




0 


W 0 

0® 


m 











8 


8 16 24X10 24 16 


8 


8 


Nose right 
16 24x10^ 


1 ^ 

-r 


^c^^degree- pound /feet* 


Figure 76.- Maximum corrected trsnaverse load factora plotted against 
vertical-tall load parameter pq^. 


t 


n 


HACA. EM L55L28 






Longitudinal load factor, n 


mCA EM L55L28 


125 



O Operational maneuver ^ Afterburner turned on 


□ Stall or spin 

A Toke-off or landing ^ “P®" 



Indicated airspeed, V, knots 


Figure 77*“ Maximum, longitudinal load factors plotted against Indicated 

airspeed. 
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Figure 78-“ Envelope of maximum longitudinal load factor and indicated 

airspeed. 
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Figure 79 •- Maximum corrected transverse load factors plotted against 

normal load factor. 
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Figure 80.- Envelope of maxinrum corrected trauBveree load factor and 

normal load factor. 
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Figure 82.- Freqjiency distriTsutlon of ptressure altitudes , 
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Figure 83.- Ero'babili'ty of equaling or exceeding a given fraction of tlie 
service limit nonnal load factor for load factors greater than 2 . 














V '' 



Figure 85.- Illustration of fatigue failures using two tj^s of load- 
factor cumulative -frequency distributions .1 
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Figure 87.- ConrparlBon of the normal-load- factor frequency distributions 

obtained by methods A and B. 
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Figure 88.- CorapeLrison of the probabilities of equaling or exceeding a 
given normal load factor obtained by methods A and B. 




Probability, P 


157 




MCA. EM L55L28 



I 2 3 4 5 6 7 

Normal load factor, n,, 

Figure 89 .- Comparison of the prohahilities of equaling or exceeding a 
given normal load factor for the F2E-2 airplane obtained hy methods 
A, B, and C. 
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